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To Dlam 
t « th© lalflden pemon of tii© heart with the 
imptrishfebl® J®w#l of «. gentle snfl quiet spirit, which in 
Godfe sight is very precious." » I Peter 5i4 
1 
IlTBOBUSTIOl 
Perusal ©f th# data eantalned In various reports on th® 
praploniQ meld f©rat®iit&tloii reif#als tli« eoaslstent oecmrr-
©me® of IssGtat# la dlsslallatlta® of irarlotts tufestrates# 
Llttl# Is known mbemt tht aissimilatiaa of laatat® par 
It Is th# puTpmm of this lavestlgatiea to eontrlteut© 
fmrtlier t® the informatiott relating to tb,® feiiti#ntatlon of 
laetftt© fef til® profisai© aelt toaet«rla» FoMation and 
mtlllzatlott of, r«l®t®d emtoetano®®, pyimvat© and tto.# dlear-
teoxylle aeiasj, are also tl» s«bj®et of lBf«»tlgatlon» 
2 
OP IiITSRAfCJ-ai 
Laetie Mid 
0mvLTf6im% 
fha propionic Add toactarla p»fiuoe laotatd la feimen-
tfttloni of fsrtous Buhstmrnm^ aaong wliieh ar® stareli (66), 
pmtosm {m, 5S, 120), glmeo®® (62, m, 120, 162, 174, 187, 
1S8, 189, 195, lis), glyetrol (Hi* 194, ISS), suceinat® 
(6i), pyma'S'at# (7, S2, 6S, g04) ami Ineaitol (180)• Lactat© 
Is fo»«d fi?«» glmm% hf Pleetgiaittp aa. ojt^anisa 
responslMe for a troploiilc-llk® f«»«ntatlon (112). 
spit# th® fallar# of scm® wortors to ^«t«Qt Isetat#, It is 
given a plae® of iMportan©# m mn iateittediat® in proposed 
feratntation a©h««s (66, 168, 190)# Laetat® was considered 
at first to b# a staMlization. product in f«m©ntations, 
feut Wood, Ston® aai Workman (187, 1SS| reasoned that ^linc# 
this acifl is readily f®m©nt®d toy all aptoies of propionic 
aoid Ijaotaria it i# logical tO' m&vme ttoa,t it fmotions as 
an intamtdiat®#" fh® ®am© authors iiMJicated further that 
"in or<l#r to ^ow that a oompoxmd may be an int®m-®dlary in 
a ftrmentation, it is naetssary to isolat® th® co»poia«i and 
dim0Mt»t« that it le fefaantad aa rapidly as ita pracuraor*" 
s 
A oloaer p®latloiiSh.ip of lactate to th® prfSNfluets of th® 
proplonle fteia fementiitioii was titmtollslied with, th© d#inoii^" 
stration of fo'foatlon of laetat® fro« sufe®ti»at@g follow­
ed dlsapp®a»nee of laetat® &M. mppmrntim ©f irolatil© 
sclds# Disaechit'Pid®® and Monssaeeharldes ar® mt Hissed 
relatively elowly hj th© proplonie acid Mcttrla (115, 154, 
181)* Fh#lp®, Johason and Petsreon (120), in serial analj-
s®s. of femsntEtlons of glucose aad aimbino®® by 
fTOPionilaaeterim pmntommevm, ohs#rv@d an iaoreasiug qow 
etntratloB of laetat® wp to m naximiia at ®m%n days# Beyoni 
this' point, Isetat® l®ir#ls d©er®af#d progressively to a sero 
•vain® fit thd t®r®intttion of the fem«ntatloiis» In. the word.« 
of til® author®, thii finding "tends to TObstantiftta the 
theoi^ that laotat® is mn inteimtdlate whieh is formed dur­
ing the early ®tagei of th® fermentatiosa awS later utilised#"' 
In glye«rol ftmentstioas, laetst® l#ir«le w®r# obs«rv«d to 
inersase at firet and then d®cre®®®, th© d®<cr®«.8® beii^ 
fflarlc@d hf ta lae,r®as« of Tolatile «eld® (119)• Wood, Ston© 
iind Wertaaan (18?) and Prcsaageot and Bost (62) rtport®d simi­
lar data derived from f®i»®ntatlons of glmooa®* 
fh© occurrene® of lactate in variovis fermentations is 
quite g«n«ral, although the amoxints vaiy from erasll to 
apprecithle* Mar^ of th© •jroport® of Mgative laotat® felties 
are hastd on mmljam ooadmet®d on eaapl©t®d long t®m 
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In irtiish lac tat t undoul3t««ll|- eouM oonsm@d 
toj. the tJ»e tli«. f#m®ntatlon Is eoaplet©, fli© a«o\mt of 
laetat# foimed iraFits with th® pH| nutfltnts and other 
faotops IB&f 187)* Mdltlon of growth faofcoM doe® 
not iaorea.®© yi«Ms of lactat®, althoiigh potato extraet is 
r@poi»t#d to Immms® jlml&B of Isctat® tram gluoos©# Sherman 
&M Stoaw flM) d«oastfated thtat adiitiom of laotofeaelllua 
eagel. a hsmsftrntiitatl^r® mlerooi'gaal®® eoii¥«rfcing laetos® 
lato laetttt# almost ©ntlrely,•incrtases fey a raltlpl® of six 
th.® total Tolatll©' aelda Cproploaat# aM ao«tat®) produced 
but doaa mt Aang# tli# »tlo of tht pyoduets# fix® authors 
©lalm tlmt the Inereas® In prodmets la not dm© to oonvaraioia 
of lactoa® to a mom ftadllj aTailalal® foaa (lactate)• Using 
a mixtd o'ttltar« of Ii&.eto"baelllu8 oaiei and ProplonlMcteriiaa 
eentoifteem^ liefltoa awd laygrof© ClOS) fo^tM tMt tb© tom^v 
coiiv«2»t#d laetos© iat© laetate, Signifleantly, th© authors 
reported tbati 
lltho^li amilabl© to th© propionic acid Meterlaj, 
laetic aold was mot disslaillateii mnEtll all of th« 
laetos® had beea ©ommed# fhen, rapMly, • • • 
th© gr«at«r part of th# lactt© a©M was dissiailat-
«d within th® next 24 hours# 
.fetaglrl and lehlMwa CSS) the initial acemttlatlon of 
lactate was'followed hy Its utlli»atio» in th© famentetlon 
of tooth a^tol»ose aai. glueose toy proploule aeld baet@ria# 
gtr©'Ok@r C15S)# taslng maldentlfied aloroorganlsas, found 
5 
lactate to to® an iBt#r«®cllat# In tb« fomatlQn of propionate 
fras ®agars* 
In Qheme&0 la^etlc acid 'b®©t«i»la convert laetos® aM 
other siagari Into lactate,, lowering th® ©xidaticsa»r®diiotioii 
poteatifil «»S. th® pH ia the proo«sa (92), and then th® 
proploRie aeia toaeteria conirert lactat# into th# products of 
th# propionic aeifi ftrmentstlon (43|» Similmr observations 
w«r@ Hiadi# hy von WmvAenmlssh Aisa Orle-J®iis«n (59), ¥aii Niel 
(116) pointed out that th® propionie moid beeterie may ferment 
some of th« ailk stagtrs bmt not as readily && do th® laetic 
aeld b®et®rla« limri Itg) not«d. that th# propionia acid 
f«iMi®3atatioii la oh#«a® is modified by th« typ® of lactose 
conversion ooeurriug iroediately b®for#« l#ttrofei®®ntativ® 
lactie ffiieroorganisms convert laetos® into several products# 
fh@ amount of lactate fomed is les®' than that produced by 
the hoiftofe»t®ntstive bacteria# the aaownt of volatile 
acids fojMed by.th® propionic acid bacteria in ohees® with 
heterofeBaentativ© lactic acid bacteria is less than that 
fo»ied in the preseaoe of hoaofememtative lactic acid 
bacteria* Kimrl C®1) also noted that in. cheese decreased 
level® of lactate are acc'«paiiied by Increased proplonate-to-
acetate ratlo-a whereas Increased levels of lactate are 
accompanied by decreased ratios^ siiggesting a close relation­
ship between proplomte and lactate# 
6 
In ftmentafclons of carbohydrates hy @h««p rmen alcro-
organiea® (47, 48^ 121)^ the soluble sugar# ar« broken down 
by one group of "non-propionlc bacteria" aM then the la^ctat® 
fomefi by this group is fementea to the volatile fatty sclcJs 
by th® propionic acid bacteria* Apparently the formation of 
lactate by '*non-propionlc bacteria" accelerate# th® process 
of making lactate available for utilization by the propionic 
acid bacteria# 
Lactate accumulates in the utilization of glucose aoreso 
under anaerobic than arable conflltlona {187}, Indicating 
that lactate may function as a stabilization product (189) 
resulting frcaa, pyruvate serving as en oxidant for glucose 
(7, 151, 18©).. • 
Wlggert and Wertaan (182) grew Propionibacterium pentog* 
aceuia in a medlm containing glucose and 'OtOS aolar fluoride# 
•Cells harvested froa this culture were tested for enzymatic 
action on glucose and phosphoglycerat# in the presence of 
0.02 molar fluoride# Utilization of glucose is inhibited 
only slightly^ if at aHi by th® fluoride# fhosphoglycerate, 
a precursor of pyruvate in th© glycolytic syateaj 1® not 
dlssimllated slgnlflotntly# WBrkm&n, Stone and Wood (174), 
In analysei of feme-ntatlons of glucose carr^led out In the 
presence of fluoride, found the usual products, among them 
lactate. Wood and W©rte»n (197) reported the fomatlon of 
considerable amounts of lactate from glucose In 0.02 afolar 
fluoride as ooispared to the relatively small amounts found 
7 
in no-m&l ftiroentationa# "Flmofifl® femtntations'* apparently 
do not prO'©@®d via litxosediphosplmt® an^l phosphoglycerat® 
C174)» ^ ¥ollE C164) foimfl that e«lls of P» pentosaotiaa grown 
la 0*06 molar flmori^t eaimot tttllls® plio»phorylate<l com-
pouMt s«©h as glueose-S-phosphat# and 5-pho®phoglyeerat@, 
whereas aoa-phosphoi^lattd Qmpmn&», aweh m glucos®, glu-
coiiat®, glycerol ai^ laetate ar# utiliaei, f«adlly» Phospha-
tas« poiaonB (tungatato and molyMat®) hav® th© sam® eff®et 
a» flmort^«» Apparently e®ll ttsmtorane phosphataaes are in­
hibited hy flmopia©» iBhibltion of tbes® @mjm.&& prevents 
utilisation of th® phoaphofylated ooapomis whieh aaay hav® 
to b® a«pho»ph0rylat®d hy th® ii®»h»n® phosphatmeas before 
@nt®rlRg the e®U for mtllliatloii* fh® ability of fluorld®-
grown Q«lls to mtlllM' glueos® even la th® pr©®«n©© of 
fluoria® (la eontraat to e®U® growa 1» th® absene® of 
flttorld®) was shown to b© Qu® to modlfieation of th® par-
a«Rblllty of th® ©«H sieahraii® to' flmorld®, which is unable 
to «nter e®ll8 grown In th® preseao® of the polsoB* Volk 
(164) point® out that th#@e fliKling® still do not rule out 
th® pwt'adne® of .a ®®cond Betabolie pathway in the propionle 
aoid b®0t«ria• 
••fh® ©©oond pathway may b® that prooeecllng via pentose®« 
P«iitoe@» ar® utilized reaAlly with th@ f oiaatlon of th© 
usual •produots fll9, 129, 17i) anfl in saa® lnstai30«s larg® 
8 
afflOttnts of laetefc© produotd (55). In stMles on f©'»©iita-
tion of glttO'Os# fef Iiaetofeaelllus aes enfe® go id® s, a h«t«ro-
feiwentatslv® aioroorgsnltm, flltobs aM Delloss (68) showed th# 
foxmation of tt^iaolai? qmntlfci®® of Imotat®, ©thauol and 
•carboa Cata obtained with. C^^-l-gliioos® w®i*« oon.-
slsteiit with the eoaaept of oxldatiw deoarboxylatlon to 
pentos®, sine© th» eartoon dloxid© was labeled wfaerea® littl® 
o? no aetivifcy appeered in either efcJaanol or laetabe# 
D-Iylos© C67, 108} and L-ambinos© (ISO), wltn in 
the oii@-po8lt;lo% «re femeiit©^ "bf LaototoaeilXtta mnto&m 
aad i>#iatoete®t.lemi wspeetlvely, with, tli® foOT».tlon of a 
k®top«iifcois« or piiOiplio]eyl&tsa derlwtiT## Imtting and Oar-
sott Cll7)-<S®»onatx«fc«<i the fdHftmtion of laetat® fro» xylos« 
toy lsoh®gl&hi& SsMe IrobB and Igglastoa (98) demonstrated 
that p®*itsis«s mm f®Rt«iitefi readily by th® .fropionle aeifi 
tjacterla, ©vea la. tht pyes«a©« of flmorM®, with th© forma­
tion Qf ti» mtml prMuets* Barker aiid Lipmaim (7) d®«oii-
®tratt4 tliat fro^loaiteact#ritaa mntom&m'm. @st®plfles 
a»l3iao®# and eonwrts It to plio^phoglyetprnt©# Irythrltol 
W.&S shown to b# tsterlfiefi aafl oxidiz^A, a faet empporting 
til® hypofcto.©aifi th»t pentos® phospliat# oan be degmei0d by 
oxidation mM dsoarboxylation. "by way of t®tros® ptiosphata* 
Hai>p0p«t ai^ Barter Cl29) reported th.® atillEation of 
L-ar®.tolnos® wltb tbe fonaation of propionat©, «c®t®t« anS 
9 
carbon dioxide according to th® following equations 
2 AmhimBe « 2 Propionate +• 1 Ae#tat« +- 1 Garbon dloxM® 
Foiraatiott of laetate from propionat© as a ®©ooMarj 
pvo&mt of f@i3i0fitatioa was suggested, tej Btuflles using methj-
l&im blue ai^ ottof ©xidafcioii-redttotiosi iaflieator® Clg6, 150, 
19S), Qmstel • {124) Aemonstrnted. in st\jfl:l0a with E6chertoM.a 
eoli tMt l»et».tt l8 «. "better hyarogen donor, thun propiomt©, 
so tiafit if th® px*opion«te-to-laet6t0 Gomemion fioes oeeiirj 
it oeeups to a mmh amaller degi^e© than th© oxidation of 
leetate# A^rofeieallfji at pH 5#0j, propiomte is utilized 
with upta'i® ©f oxygen toy P. io ©vifienc® for 
the opermtiott. of tM® weeliaiiisa mnaer amerobie conditions 
it afsilfttol®# Hu#nttek©M, lahlsr tM lojrdffi&nn (77) demon-^ 
strateS th.« at^otole tttilizatlon of propionate by liTer and 
kl6n«y pwpsrfitlons via the proposed patbwayt 
?roplaaa.t©^^®^lcrylate^^^^^^2-» !.(+) Lactate 
-PH Citrio acid oyole* Pyruvate* ' ""—dC-) Laotat®* 
It would smm, how&mv, tbat forrafttion of lacstat© frcaa 
propionat® Is of liitl® signifioanc® in th® aim.erobic foima-
tion of lactate In 'dlssiailatloM "by tli^-propionic aisid 
bacteria (ISO)* " ' 
fh® meelaaiilsm of formation of la0t.at© still rmmltiB to 
be aolTOd# Io.ii®-tli®-le®g, le.ot&t® dom occmi' quit® consist­
ently in the dissimilation of tbtIovlb substrat®® lay th© 
10 
propionic «©id feaetai'ia. Of gi»«at©i? interest is th® mod© of 
utiliaatioa of laetat®# 
i3tiliisatiom 
Witk tb# exception of PropioniMotQglm &cn#s (46) all 
proptonie a-oiti bacteria fem©nt l®otat©.» 
leoBieg specif ieitf-
Von Fy0iKi@rir®loli aad. Opla«J«.ns#n CS9) reported the utill-
smtioxi of botb. iBomBrB aad tiie raeeiaftt® of laetat©# This 
r#p<jrt was wrifie^ 'dj Siuri (92) and bj Pla#lps, Johnaoa and 
Pefeisrsoa Cl.gO)» fb.@ latter r#port iMleated a sli^t differ-
enm In tto.® »t«s of utiliMtion# lo rae®i»s® occurs in th® 
propionle acid beeteria at pH S»8 and. below (120). fhi® 
filling I® uaus-aal in that tiie eaa® sufcliors isolated frcai 
feiatiitatlan® of gluooe® aad aratoiiios® omly th® Ii (-I-) isomer 
of l&otat®# 
Prodnete of agtstoQligm 
Ti» pioneer work of Pita (54), ©arrl®(fi, out with iapur® 
oaltmre#, <l©ai@a«timt®d th© formatioa of proplon».t«, ac®tat« 
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aafi .earfeoa iioxli® fr«» lactate# Oth©x? sttbstane®® i>®port®a 
as o^omrriag are stisolmt® Ci8* 109, 16S, 19S)# pjtwmtm 
(m,  185,  188 ,  18 t ) ,  {157 ,  1B&) aM d l&mt f l  (W7,  
158)# The two latt-ffitntloaei^ imtoetBaosf w®i»« Mported in 
f»etioiis ©f a milligram In f©mentations of laetat# la greii 
qmntiti#!. 7h0f m&f he smoM&rj pro&mtB of the fementa-
tio». 
fli« a«<slmiiiffii, of foMatiom of propiomt# from laotftt# 
i® unlaewa sacedpt f©i» indieatioas of possltollities. Streck©!* 
{Igg) profosed. tto.® f©»atlon of propioiiat® twom wrious 
©ttgew fia Imetata# Btom ®sd lertasn (148) speemlat#^- thskt 
th© s«qm«ae® of fismetiom wmj "b® .di»«t i»«ittetion. 'Of laetat# 
to pi»opiois®t®* laur®!' ClO®l ®.a4 voa FreMesfeich ana Orl®-
J@ns#» (Sf) stigg#-st#4 sm©to, a poasitoility. Fomtetrt anfl 
Douglaa C§S) propdsei tbis »«obaiii»B for Micrgeoeous Igo-
tilytiem»> fli® ilr«et spedaetioa of laetat© td propiomt® "bj 
f«ill0R«ll» was disproved slue# mlln grown on 
I5'*te3?trtt« da not attaek laottt©, jet foi* propiomt® (81)* 
Woocl, Stou® and W®p]«an (187) ®tat® thats 
Iflth Teg&T§. to laetic ael^ a® a pr#<iw®ox* of 
piPopiOBi© acid, It ii proljatel® tliat ©aoogb. tnergf 
i® m% availabl® in. tli« smmh&t ajptifieinl 
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sj@fc#ai to 'bvlmg about tim dlffleult reiwetlon 
of lactl© ts ppoploiiie aeifi* 
It 1*1^ b« tl3s,t ppopioimt® arises from laetftt# hj & dl®» 
mmtatioii' of lactete, aeeO'Mlng to the tqtt&tlons 
2 Lftct».t# 2 1 Pjrumt® + 1 Pfopioiiftta 4- 1 IgO 
fhlB react lOB has b«#n suggested ss tli© aeelitnisa-
In propiomt# foiwatloa {i, 26, 
fli« iiaMlltj ©f laetst© to serf# a® fta oxlflant of glm* 
cose In tli« pmB&nm fsf fluori<l% in eoatwist- to its elsillty 
to strv® m a f©6meing snhai&nm in tb® pvmenm of flmorM©, 
®tigg®st®i t© Bark®!? ani Mpaann '(6) tliat a flmoride'-sanelti'ire 
aeeliftiiisM far th» 'fedtietloii of laetttt® to- froplonat© is 
opoMtif® ftM th«t lft©tat@ 1® not a n©c#ssapy intemeaiat® 
between pymvat# &w& p'roplomt®# With »@speet to tM® eon-
tentlon, Oarson, Aatfeonj^ Imm, and Long (19) Isolat-
#a aa iiit«i®®iiftt» l>«t*©en pfBavat® and proplomte.. ®ie 
smbstane# r®iiftln©d midentlflea beeans® of lapuritits# 
STidene® is^iomttcS that th® internediat® is fom@d hj the 
%*•% oond«nse.tlon, followed Isy i«cayboxylation of lueoinat® 
to ppopioiiat©». 
Mttl» Is teROwtt about the forfflattoa of 8uocim.te with 
laotate a® ®ub»t»t«» Irebs and Igglotton C9S) found that 
IS 
formtlon of «iaeeimt® fro® laetat# proiseed® at th® sam# 
rat® ®s it® fo'Saatloa frm glycerol^ oxalac®tat©, fumarat# 
•an«3 aalit## Mowemr, tia# final amomfc of @ti,eclm,t® foraed. 
wa»' ®»all®'r tMii tba,t frcM th.® abovs^m^tttloaed substanc©®* 
The patliway ©f fonMtloa therefsi*® be tie the Ox-% 
eondtasfttion i*®actl9R* Or, it may to# rlM. m Cg eond&m&tion 
Is®.® itetiaa oia ameeiiaie acid)# fli® origliml stmdy of car­
bon aisxid# fimtloa (194) Involved glyoerol m BubM'tmte, 
Imter,' gimme was tts®d Clti)« Fixation of mrhon dioxMe 
witM pjmm$0f laetat® mM araibi.aost it® »iab®tmt®s wa® in-
#igaifi©mttt on tbe "basis of earbsn, balanee ®tttai#s (197, 198h 
Conflietiag. report» a» to the nee€ for oarboa dioxide in 
dissiniliitlon of laetate. li»v® -bem m&d« (SI, 82)• However, 
flxatloa-of carbon iioxii# iato pyrmvat© with th© fomatioa 
of aiesrl)03cylle aeiis and propiomte dses oo^our (S-®« section 
on sweeinie »eii„)* Inrclmmemt of eueoimt® »M it a deosy 
boxylatidii in tla® foimatlon of propioaste from l«Gt«te is 
open to Insults of tracar l®etat® f©r®«atatioii8 
(186) lafiioat® th© fmaetioning of sueciaate dscarboxylatiom 
la dlssialliitlO'ii of lactate* Carton and Barker (17) fotmd 
that 0l08tricii» DraglORiciM fiots not torn smeeinat# ami. 
.y«t fomt til-® usual proi;uets' of th& pmpionle scid f©»enta» 
tlon witli laetat® as smbstrat#* Th« temsMntstion prooe#is 
at pB 7i,4, m pH l»v#l ©.c»pl®t«ly arntsld® tto.© reported. »rig® 
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of aofci¥lty of sueclnlc dsearboxjlta## Lactate, a® an energy 
@omre«,, Inblfelfcs f^metion of eti'boii aioxifi# from imeclasit# 
<82). 
pmthwAf i® followed, of succlnat® 
froffii l*etat® depends oa pi*«lislBai»y f©MatIon of pytnavat® 
fi»o» whtlehi aicfti*l5ox|'llo aolds or aeetst® may fee fora®d« 
Acetatf 
P©»ttloii of a0#tat® f rm l&ctmt# presmpposes the foraia-
tioii of pyimvftt® Initially, pjvvLV$^tm ttndsrgolijg disautatloti 
C6j 171) 03* a©Qa.i»boxylatiQn with aeetat® as on© of th# pro-
duets (Se© ©eetlou. on pyrwio aoid). 
Focmatloa of dloxM®, too, depeads on th® fom®-
tion Qf pyrmmte ijaitially siae® tit» only known r@©ctloas 
whlth yi«ld earb-oa dioxide oecur with pjrmmtB aM sucetnate 
at fi'ubBtmt®®* 
Aerobiosig' f®» anaeyaMosls 
Lactat© i® utilized readily mi&MT b^tli aerotole and 
aaaerobie coftditlonfi (147)» As pointed out hj Wood anfl 
IS 
w#x»toeja iBO}^ th& masMalSB! of aerolaie utilization of lac­
tate appears td hm tli® sasi® as that,of amerobio utilization 
©,xe®pt that oxygtis. B@TW%a as a layirogta aeo«ptop «nd, 
acooMinglfif the aaomt of pTQpiQimt® is TOdmo^d# Tlrtrnwa 
(162) yapoiPt^d that eeratios had only illght influence on tto@ 
f#i»ffi©atatloa of Xaetate* ¥«.n I1®1 CllS) foorai liicre.ft®®d 
field® of aodtet© with aeration# 
Oomparison, of the ®«3PoM.e mad anseTOble f®i««r&-atioai is 
skown in th« tw© g0«®»llj aeo©pt®a CQuatioass 
Ca) li,®roble 
S Irftetiit® s 1 Pi^^ionat# + 2 Aett®t# + 2 Oarboa dioxld© 
Cb) Aaatrobie 
S laetftt© s g Fyoploimt® + 1 l0®tst« -f- 1 Cartoon dioxid:# 
+ MgO 
Eqtaation (a) was propos#^ toy mm iltl CllS) and IqiMtlon lb) 
by Fitz (54). 
?h® type of fewsatfttioa shown fey ®«|Ti«tioii Cb) is not 
limitefl to m«l3©i»» of the g&nm PropiQuitoftOtegitia* 
Gloati'iaitia pTOPionie'nm Cl?)t am®?oble miciPdeoeoms iso­
lated from rmim 181), and feilloaellm mzQmenm, 
now cla»sifl®d a® UiQrom&Qm lastilytleu®. CiS, 81 )# mrvf 
omt f®mentation® ©iallaa? to tMt shown in equation ib)« 
For mot mol© of lactate femeixted. under ©uaeroble 
eonfiltioae, ©•25*0»S0 aol© of esrboa diaxide i® fomefi {9S)» 
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Anaerobic foimfition of esrboa aioxM© 1® iBi-ilMfcsd ccfflpl©t®lf 
by O9O2 aolar flwarid® (6, ES, 27)• 
For eaeli iiol© of leotat© mtilisefi i2iSifi«r a®rotole ooMl-
tloas, 0»6g»0#S8 »ol© ©f oxygen is utilizM (60,. 65)• Up-
takt of oxfgen is quite rapid Initially^ far exceeding tli« 
rat® of' f&wmtlm of carbon dloxM®. fix®- latter 'Increaaes 
®ft#r a lug ptrlo^ aufi proe®#'^! at a e-omstant It^el'to th® 
ttminatloa of tli® miction (B0)» AeroMc atillsatioa, &b 
evMemed toy 'oxygea-to-eerbon filoxia# ratloSj, Is xm&tt@Gted 
toy a«tliyl®ii# bin# or eyanldt C65), tomt is fitcrtased by on#-
half ia &m mtm9Bph®m of 95 p®r e«at ©trbon inoii>xld'« aM S 
per e«iit oxygen C2i>«, fh® lstt#r fia<aing toaieatti th.® 
prtstae® of a earbon iioiioxli®-"®®iislti¥# eyst®®, tli« latter 
b®iiig ©sHeA a eytQohrom# ©xMas« by tlx® autbor® C26)» 
Aeroble tttiliisatloa of lactate is by conoentra-
ttoaa of flaorid® mp to 0.,04 molar (2B^h fh@ pi optlMwa for 
formation of carbon dloxld® aM mptal# of oxygen lit® In the 
mngB- 6.S-5..i (50, 63)• Thtre Is no ilgnifleant fementa-
ti'On of laetat® below pH S#0 (§0)t Atrobically, with In-
oreaslsg pH, fowatloa of earbon dloxM® dtcr®®se® than 
do«a eonstffltptlon of oxygm iGO)» A broafi pH range of hydro­
gen tr®asf#'r motility i» InAlefcted# fhe ratio of carbon 
a.ioxM@-to-oxyg«n 'wrl®® with pH (63)* The cloi#r th® pH to 
thd optlffl« for formation of earbon Sloxld© and. ttptak# 'Of 
If 
oisygatti th.® th© Q&rhon dioxW©»to-oxyg#ii Mtio to 
unity# Vrnllnm of the fomation of earbon dioxld# to equal 
uptaka of 0JEyg®a emggeste th® foiraetioii of aa oxldlztfl 5-carbon. 
compomi^ {§0}# , 
Virtameii Cl65) fomnd tb# opt lam pH for •^wientatiOT of 
lactate to "be 6*2» 
Chaljc sM Fi?«igeot (25) ana Gli®lx*Ai«5®iaaBl (gT) asmon-
atimted tiiat amteyoMc mtlllzatioa of Isetat# is inlilbited 
"bj 0«2 ®olai» fiutarl6«» Barker aM Llpiftann (i) ext©M©a. 
thee® ftuii©s to varlfj th® lutoltoltloa aufl t© deMonstrate 
removal of tha intoitoltlon Ijj fOTtaMt©. The laotat© disap­
pearing In th® flttoride-fiaaaimte systea Is slaost ©qulvalent 
to the amomt of p|-j?ii¥gite foim®A» locoMirig to the authors, 
2 Mjstem for th® utilisation of laet&t® ar® opey«tlv© aM 
ar® p©p^rei©at©d Ijf th# followii^ ®quatloa®s 
Cm) Lactat® + ^Iisotate Cl) • propionat# + Pyrwat® 
lb) Iia0t®tt (Pyramte + HgO) 
fropi0aat0 + Aettate + C&rhon MmM& + H2O 
Sjst«m Co),. In  which  lae ta t® ac t s  as  an  oxMrnnt ,  I s  mpm-
s«nt«a as follows! 
Iiaetat© + 2 H • Fropioiiat® +H20. 
Syitaa {!), In whieh lactate aets as a refineii^ agernt, is 
represented ma followss 
Laetat® • Pjruvat# + 8 H» 
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fla© oxidizing sfstaa, Bjs tm (0),, i@ eonsldtred to b« ths 
flttoj?l<3®*seiieltiife on®# 
Oxidfetion and reduetion 
Woofi, Stoa® aad Wsrltaaaii (187) d®BioiMti»et@d that lactate 
ia a pooT aee®ptoip of hydrogen in th# foyaatlon of phospho-
glye«rat® fpaa glmcos® In tli® prssenee of fluorifl®# Barker 
and Mpnaim |6) v®rlflefi thia finding, s\^g98tlng that in 
th® absenc® of flaorii© lactat® tmj act as an oxidant. 
Phelps,, Johnson ai^. Feteraon (120) ismonstrated tb© r®<3u©iiig 
oapaeity, of Metat®* Desnuell®, Wook#y and.'FTOaagtot (44) 
provldt^ supplemental^ evM&mm tor this etpacity .of lactate. 
The'pi optlam fo:r d^hyfirogeiatlon of laetat# toy the ppopion-
ic ft-eid baetwla .©ccurs at pi 6»0 mslug wb.0 .1e e«lls (120). 
Til® rtaotion, lao.ttt# • pyTOvat®, ppo©e«<ls at & f&st&r  
rat® than do»s the w^.®rs@ reaction, pym^at# > lactat® 
(6)» lltli respect to oxl<Jstlon of lactate, pyrwat® does 
not iHtolfelt tia© reaction (6). flila flnaing, 1B iaconslstent 
with, th© fiallng that k.®to aold® inhibit 0xl6aifciO3ft of hy­
droxy acidt (69)# , 'Oiifler atrQlalc e-onditiona lactate inhifcite 
tttillsatiosa of pyru¥ete hy thiamine-defloieat c«lls (126)« 
Qmstel BtiS Webley (126) pr«s@at@<a ©vldeiic© .indicating tii® 
foBaatioil aai acewimlatlan of pymvat® frao lactete "uii(a®r 
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a«roMo condition® at pH 7,4 bj tMamla®-ifflolent -oelli# 
fli® flttoride-aenBlti-vltf deaoBStretefi hj th© «xp©3?lm®ntg of 
Mfker &i«l Xipmann C®) probatslj Is eoacernea is a laetftt®-
to-pjruvst® trmnsfomation and thmmfom Is possibly a 
mat te r  of  inh lMt lo ia  of  a .  hjAvogm t ransfer  sys tea  i3B)»  
Bgggntlal ^eamponeatf • ' • 
Infof®atl©fi on tMs plisE® of the metabolism of laetate 
Is meagtr. Barker a'r^: tlpnam Ci) point©# out that most 
oxidations of lijdroxy aolds ai^ 0fttel|-sM by pyriain# engjmeB. 
fhe involTed in the oxldstlon of laetat# feas a aomal 
potential higher th&n tlmt of th® p^rlflln# eo@Mfffl.e0 sad in 
till® .respect Is aiMl&gQ«® to'tli® lectio fiehyarogea®.®# of 
yees t  I t }#  
.Foote, Fred «»«! P®t®r®ott (55) specmletei on. the role of 
o.ttales© In th.® mtlllzstlon of laetatt# It was pointed omt 
that mn organism which is laeapahle ot fomlag aatalase 
shouM he 'laiiahle to mfcllla® laetst©. Smoh aa ld«a seemd 
plfewslhle whan It wa0 rsealled thet the laetle acM haet©ria„ 
which syntheilTO liictat#, are eatales© n®gatl¥©# • fhls con** 
sideratlon euggests th® possibility of oataleaa helng In­
volved. In the ^Issiiallatlon of laotat® hj th» eetfilase 
'' tf positl-y® proploaio ®oM hect®rl«» Eoll»8.ii aai SJoitrom 
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(ISl) pointed out tfamt ttier® seemtd to to® & »lfttionslilp 
between th@ ability to totm gm and eatalase aetl¥ityj, th® 
eatalas© aetl^lty being strongest In ©matures with strong 
gas prodmotloii* lowever, Irb,. Wood and Isrlmaii (50) p®-
portM'th® m:hmnm of hjdrogtn peroxid© ia th® di^slallsi-
tion of laotste. Hit©lm©i» (76) and OlajMrngli, ITO) reported-
that the eatalasa proptrtj wi'i-es witli tfe® species and 
strain of ppopionle acsifl bactex'ift# The mri&tion in this 
property t#nds to mlalml^® th« laport-aiic-# of catalaa® in 
til® •utlliggttion of Imstat®, 
A import by PTOiieg#ot anA fet\» (66) lofllettes that 
potato extraet, wMeti »tiittul»t«s utHl2atidij Qf glueos®# 
does not stiattlat® utilization of X-aetete# fh#, report failed 
to identify tfm «eti¥« priaelpl©# Atrobio utilization of 
l«-0tat© by thia«itt<&-:i'@flci®nt etlls rssmlts in tJa® accwula-
tion of pjrttf»t«, tijfl teat lug that a part, if not all, of 
lactat® is dlssiMllatefl via laotat® mtilisation 
par w Is not depeadent on thiamine# ¥lrt-t.tieii 1162, 165) 
pointeiS out that toluea# tr®at«®ist of wholt cells aeetroys 
th© mnzjm.® sjstm responsible for th# fsmentfttion of lactate# 
fraoer experia^ntg 
Utilisation of lactate in th® preaene# of 0^®- earbon 
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dioxM® proplomfee with Xabellng In the eartooxyl 
gfomp# fhls fii«Slng s^gtsts foiffiafclon of proplomt® by d®-
earboxylttlOB, of emoeinat® C81)« Leaver {103) allowM 
FgoplOBtMettylm agaMnosm to f@»9n.t C^^*»m©tliyl-litbtleS 
lactat® and fomaS that tht resmltisg proplQutt# ooutalaed 
labeling i»giiido»la®<a la th© alpbit* aafl b^ta-earboas# Slatlar 
data war® TOportsi by I#air«r an*! Wood |104) in a mare axtan-
®1t® trtatlstn In the lattey report, laetat® with, the alpha-
aai-bon labeled, yielded proploimt® with th© laballng, mndoa-
lz@d# It was poln,t0i @«.t that poaslbly a r®ey@llng'of 
lsb®l©a ©apboa ,iM«S occmyrad during tiiae© long tia® fe'Raanta-
tlona# l-vlfisno© for thl® liitei?pyetatl9r! • was praieiitetS by 
Wbod, Iftairai? aiai Stjayaholm (180)» •Pamtntatlaii of tmlabeltfi 
laot&t® in th® prasenea ©f S-C^^-proplonata yialded proploimta 
with labaliag aqually fliitribtitad batwaaa tto® g- anS 3-carboiis 
of propio'imta. A aiailar labeling rasultefi whan l^S-C^^-
proplomte was- introdueeil iato tha famantation of anlabelad 
laetate, bat la thia ease thara was »o aqmitalaat loa® of 
activity lo tha earboxyl gromp, ®\jgg#atliig that raeysling 
ooe-uM in the mlpha- anfl bata- aarbon® o-aly« 
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Pjrwle A&M 
OocuCTenee 
Il0l CilS) first po0tulat®d til® fomation of pyrm-
vafc© frc» gXueos® but fall#di fc.o ^em^mtrnte it« ooomrrene® 
or rol® m &n intsfsediafc©. Wood ft.Qi wewksmn (190) reported 
flriaing a,ii mnldsntifltd k®to aoid in a ftfmtntation aM 
later Cl8t, 191} iiolftted and identified the add as pyzni-
vat«» ffrm&te is fo»«a is Itrg# aaottftts in aerobic utili* 
ssation of laetato iWp 183), in anatrofeie fementatloM of 
gluoos®,' lactate^ glfc#rol acfi maMiitol (6, 18, SO, 187, 
188, 198) aaS'in diaslttilfttlon of phospboglyeemt® (148, 
176 )• On® report Indieated th® absene#' of py^uTat® in 
fermentatioaf of gljmvQl Cl9S) 'whmmm aaothtr (23) Mcorddd 
fcht ooettrr«ii©® of Inaotif# pyrmvat® in th« idi®aliail®tion of 
glye^rol with 0^^-carboa fiioxld® pTO®@iit» •flii§ '*eiii?aiiml 
interatdiat#" k®to aclS oeemr® in tla® feamtatation of othei* 
coapowafl.8, too* Phosphopyinivat®'bas not te«sn ietecttd. {7}* 
fii« atelaaniga of form t ion of pyruvate froa gl moose wa» 
®iiimis®€ to b® th.® glyeolytie or S»M®B-l0y®i»liof-Paj?m® 
• system (189)# *£h@ rol# of pyravats as an oxidant for glmoos® 
and •,li.®xo0«<aipfeoapMt® {T, 151, 18?) enS it® fomation from 
phospboglyotrat® (148, 17§) t©aa. to fa¥or tk® glycolytio 
»®ehanifa of fomation. C®11® grown in fluorid#, whioli pre-
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mntB mt;ili»atidii of phosplaoglfeerat© In the gljeolylblo 
Bjetm, dilssi»lla%0 gluoos® In th» pmsme® of fluorM® Just 
as If no flmorld® w#r® present {ISg), fM® t^idene® Indi-
oat®® possibly tiiat pyruvate 1® not tti« "eai^lml intemedl'r 
at#" arlfliig ^la, the glycolytic syatdm tout rath®!* a sub-
stanc# arising by iiiioth©i» roiat®# 
Anaerobi® atllizfttioEt 
Th® pyodiacts of anaeroble mtillzatloa of pfrumt® ®r© 
propionat®, aeetate^ lact&t®, Btiooinat# ai3«i ©arbon dioxid@» 
Iiaetat© anfl gneelnat© oeom:r only in eaall amomnts (98, 184, 
204). AettaMthya® dc»®i not oocui? (187), and ac«tyl pho®-
phut® h&e not hmn d#t®et@d (•7)« Tin® owr-mil mtillEation 
1© fspresented by the equation (109, 162)j 
S Py¥avat« s 1 FF0plonat© + 2 Ae«tat0 4 2 Carbon dioKld© 
This dtmtloB ve&mmhlm that, for usTObie utilisation of 
laetat® (See i«etion on laetle acld)« fb® produets have b@@n 
¥#rlfleai #x.p«fimant«lly la th© pi-opionle mM bacteria (21, 
38, 11§) uni in another orgftniim ©arrylng out the propionle 
ftoid f#3«®ntgtion, CloatrMitja -propionieum (17), which doe® 
not synth®®iis« ®ueelnRt«» Anmerobio foMatlon of rnnlnly 
aoetat® and ©arbon dioxifl# occurs (171) In th® propionic 
aeia Imoteria (196), in Rho^ospirlllwa'rubamm (93) and in 
..li©gooo-eGms liteteilytlens (?8, 81), the latter earrylng. out a 
proplonate-lik® Cementation with tiat fowsatlon ©f MOleeulap 
Jiyfirogta# Ch&»et«rl®tically, M« Iftotllytleng d.o@s not. fer* 
a«tit swgRM wkieli tli® pmptonl^ ®cid baetsria mtllla® 158) 
IMlmtlng prastn©# of only th® t©i«lfal portion-of th# 
emjm& B^qmnm in th® usual feiiwntafcion maehaii-
lSM8» 
•• Wtrtoaii (171) sp«0wlat«d that ^%h% pTOpioale aeld 
bacteria briiag fttoomt a aiantttation of pyrttti© scid thvQU^ 
leetic aeii anfl aeetie 'acid anfi eafbon dioxid#*" In .©via®iio« 
t0t this s%mt9m9u%, &m^ mad®'to vsin Ii#l (115) 
aB^ Wood and lerkaaii CliO)* 
PjmwmtQ way be titiliztd hy serving m »b oxidant tor 
gluoo8« Of ii»xos»dipliOipMt® at pl£ 6»8 in th# pretsne© of 
fluoipid®# Plio0fhoglyo«3rst« |originatiog from th# hdxoae®) 
aM, lactate-  Coriginft t iag fpc» pyrwat®) acemmalat# (7,  wl ,  
187)# flit amomat Qi lactiat® fomrn^ in thia ajBtm or from 
-pyi*UTat® iilon© is ve^y small (6), Indl-eating .further mtiliz-a-
tion of laetfttd# In this respeet, it ii pointout that 
th© rsmotiOBn pyrmmtt • laetatt, i® m»eh slower than th@ 
j?d¥©rse rtaetion, Iftctat© >pyrttv«t«» this ®itmtioa eon-
tr«8t® »h»i?piy with that in most-:^ organism® in which th© 
r#¥#r®® ii trm«t fhosphopyrtafat®# »ot oaly semm as an 
oxidant for gluooe® ai^ other sa.httrat«s hmt also transfers 
pbospliRt© ®nzfi»t3.eall3r to thte® eompouBfl® (7), resulting in 
esteriflcatioia of 1#5-S»0 molm of phosphate p«y aol« of 
glucose* fli® latter fioftliag is eonilstent with tb® known 
p3?oeess of 9®t®i?lfleatloii of glucose to fofs hexosediphosplaat© 
in th« glj^ooljtie ay®t«a» 'Ptillzetlon of pfrm&te in the 
presem® of fluorid® Iwolires a small aMO'iait of phosphate 
©sterlfloation or nom at all, th® imtlo of th® aaoiaut of 
phosphate «st#rlfi©«i to th# ftaouat of pjipwat#, 40eoiapos©d, 
toelag 0»09-0,S5, In th© abs«ae# of fluorifi®, no Itiofgaaio^ 
.phosphsts' AlBB.pp9&m (7) Iriateating utiliuation without phos* 
phoiylatIon, Pyieiiirat®, • a® an oxidant, may lahlhlt. fomatloa 
of carhon SloxMe f roia smeclaat® hj oxidising smeclnate to 
fmarftte# IvMenc® for this posailjilitf la Bmn la th® In­
hibition of fowiation of csrhon aioxM® trm sueolimt© with 
pyrwat® m a touro® of energy i&2)» lo other mod® of 
fowaatlon of laotat® froa pyrm^ftfee has mmlmd. ®xp®rim®ntal 
ffmpport, fhis sltmtlon &Qm not negate th© ©xlstene® of 
other meehiimiMS# • 
Th® fo'iffiatlott of • stt^elimt® fraa pyrwat# hy th® proplonle 
acia h&eterla any oeeur ¥la fo-matioa of ae«tat® follow®^ hy 
eonfiensttloa of two aott&t® aoleeulea or by a 
synthesis, s® suggested hy Woofi and W«i»iaaiiii .(s@© eeotlon on 
suecinlQ aclfi)* •Poiwtiont of soatftt© from pyruvata has not 
"been stuaied v©^-©xtensi-rely# Th® fomatloa of smeclnat# 
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from pjrmvafc# is a Itmited taction, th# amomt of suoelmt® 
fowaed being less th®ii that from glycerol^ OMlaottate^ 
fmarat® or malat# ®mn thotigh th® rates of formation a.r« the 
saitt® (98)<» 
Besides swoeinat© {shown to imm C^Og fixed during th® 
fermentation of pjrmvat®) aad propiomt#, a ©arhonyl ocaa-
pounfi, prteipitahl® along with pjwamte and oxalacetat© as 
.2,4-dinltrGpheiiylhydra»one@ and etpable of beli^ d«earhoxyl-
«t®{3 by y®a»t earboxylaee, has been rtported (21, 22). A 
supposed ' int®Ba©dliite between pyrumt© and propionate, not 
pur® enough to identify, hai been Isolated (19)• , lorylate, 
alginin®, cysteine, phoiphoserine, glyeerat® ai^ phospho-
glyeerate are not th© intermediate reported (6)» It may be 
that, lii th® case of OloatrldiuMi propionietmt ©crylate ie 
an Intenaediate since, in contrast to the propionic aoid 
baeterla, £• uropionieua utilizes aerylate with the forma­
tion of produot® and proportions the^reof resembling those 
occurring in the utilisation of lactate (17)# 
lamrer (109) suggested that' two molecules of pyru¥ate 
yield two of acetate and two of ©arbon dioxide with four hy­
drogen tttcaas unaeoounted for# Fromageot anfl Boat (62) suggest­
ed formation of one mole eaeh of propionate, aoetate and car­
toon dioxide in a reaction between one aole of pyrutete and one 
of lactate# -Barker aM Llpaann (S), Frc»»ageot and Chalx (6g), 
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aM FroMagdot awfl, Safavl ( s b )  eoaemrr#d In this siaggestloia* 
fli« latt»r tntrodaced the concept of "diMmtstlon'* of pjim^-
*?at« lato lactate,' acetat® ana e»*»toon dloxid©# Carson, 
Anthony, Smna, Baelifflano and Long Cl't) propostfl the same achea# 
of pj^TOvat® tttllleatlon, m mpimBentBd. hf the following • 
qqmt lom 
S Pyrmvat# + IgO ® 1 Propionate + 2 Acetat® + 2 Cartoon 
dioxide 
1 tmoe of sm©©limt« oeetii?® in thd i»®aotloii, 0arBon. (18) 
presented » woi»kiiig, schtm# and proposals for ffi®ehsni8ms of 
tJa® propio'ni© aelfl f®i®@ntatio-n biat Slfi not atterapt TOrlflca-
tion with @xp#ylffitiital ©vifienoe. Johnfi (81) #«phaal!sefi th® 
fQCTiatioa ©f propiOBftfc# and. ctyboa dloxlfi.® fia the fixation 
of cftj^^bon dioxide Into pymxv&tef. jl®lfiing dieftrtooxyllo aolds 
with ®ul>®@qia#iit •daoarboxs'latioa of ®ueeiimt«» 
In the presence of tracer earbon filoxid®,. pymivate is 
ftmeiited with th® f©mation of jmndoalf-'labeled propionate 
{104 )t fhl» fiafling hue Men. shown to toe 6m to th© p©c:r<iling 
of labtlefl earbons C18S}» Labeling newrtheless fio«s oecur 
in propionat#, sucolimt® C®via#tto# for th® Gj^-'Og Mofi® of 
foMi,tioa of tue.oiaat® fi»cs« pjriam.tt), fiiiS in the imidltnti-
fl®d csftrhoajl eoapottaS aieoiisstd ©grlier (22)# 
la eoatyast t© iti oxidising prope-rtj# pynavat# is & 
poor redttoing ©utostane®' for th® propionic acid bacteria 
(44, 98).# 
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fh# a®eli®ai» of foraation of earbon dloxid# fvom 
pyruvate remain® an tnlgn®# Foimstloa ctf mrbon dloxi<3« 
oecur® over « pH rang# of 5»0-8#0 and iaereases with de'-. 
©rea'slng pM {6|» Th« optimum oecurs at pM S»2 (6, SB) or 
tli®r«about« Cl84)« fowiatlos of carboa dio3«;ifl® is cttrtalltd 
sharply l3#low pH 5#0 |184)# fhs pi optimwa eorresponda to 
that for foSMition of carbon dloxid® from laetat© Cl64)# 
Utlllm&tion of pyravat®, as measured by fomatlon of mol®-
etilar iiydrog«m hy feillonella mzomnrnt omum optimally 
®t pi 6*2 (81)» 
fh® mod® of fomstioa of earhon «lioxld® froa pyrufat® 
differs from that froa laotat# in fl«ii@itlirity to fluoride# 
Pomation of earhom dio.3cide .f rem pyruvate is much less 
stasltiT® to flmoria© thmu is that from laatat® (6, 2S)# 
fh® r#tfiy f«Mi@]itatloa of pyrwata in th® preseno® of a coa-
.eentrafeion of fluori<l® whieh inhibits c£».pl#tely the decom­
position of lactat® inaieate® that lactat® 1@ not m necessary 
intermed'iat® hetween pyrwet® and proplo.nat® Cg7)# St on® and 
Werlcmi.n Cl48) reports^ that ^in. « noma! propioaio fewenta-
tion pyruvic aoid is reduoeift, first to lactie acid and th®ft 
to propionic aeid,'" 
Permentafcion of pyruvat® in the pr®®eace of ooncentra-
tioae of fliiorifi® great ©noiagh to ©top utilization of laetat® 
do«8 mot result in th« accutttilatlon of laetat® {6), «v@n 
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thomgli til© main prc^uot iia ©itiier oas# Is propiomt® {6}# 
P'tMamt© pmiow@8 fluoride iifiiltoltloii of formation ,af 
oartoon dioxifl® trm Iftetat© uM«r mnaeroMc ©onditiong' (6)« 
Foisifttioa ©f mrbon dioxide occurs nor# wpiaij in tli® system, 
lactatt-fiMsmta-fluO'riae, than i» tlie ijstem., pypuTate-
flttorii® C6), inaieating again two tepemt® meehaniims of 
fOBamtiois of cfirbon dioxide# • 
Disatttilatioa of pfe.o«pliopyrm¥ate r®quli»©s & much gi»©at®i* 
cottcentrBtlon of fludria® for inhlbitioii than does the dis­
similation of phosptioglycerate {197 )• 
Ltetat® litilbits eeroMo utiliKation of pyruvate by 
tJilaffila©-fi«fieitat propionie aeii baetei?la (126). 
Sooartooxylits© ii involftd in th® wtiliBmtion of pyru­
vate# f]h.iftmla»«a®fioi®nt O0llg show greatly deereesed fomm-
tion of oarboB aioxid® fro® pjmv&t&s AMltl&n of tbiaain# 
or ©©c«3Pboxyl»8® itiiiulat©® the fowatiom of carbon dioxide 
to normal 1®t©1s (130, 1S7, 158, 139, 140)» Oa® report 
aiscueses involTeaieiit of eoeartooxyla®# ia s "disamtation*' of 
pymvmt@ hut m ©vidence ii prteeatefi in support of this 
Biech&nlmt Cl§5)# TJa® saa© report suggests the possibility 
of Involvement of thitaim in th& tramfer of hyirogen# 
B©p®at©<3, washings of whole cell® with alkalin© phosphate' 
solution 6oes not a«or®as® the activity of propionic aoid 
bacteria on pyrwate (136)» This type of washing effectivtly 
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r©mov«i ooeerboxylas# froa dried yeast ClO?)#. 
Aegobi0 mtilizfttiQii 
The aaomt of e&rbon dloxid© fowi«a ffoa pyrairat® is tlie 
Sam© iin!a.er aerobio or amerobio- •ooBdltious' 163)• Measured 
by 'uptak©- of oxygen and foraistlon of emrhon tioxid®, pyruvate 
is mtlliE®<3 l@m rapidly than Isetat# C6)« 
fb® pli' optiaua far fonaatioo of emrbon iioxid# and up­
take of oxygen oeour® At pH 5»g (134)« Theeif activiti@« 
decrease mgrlcsdly "btlow fH 5»0 Cl84)* fk® ratio of earb©n 
dioxi<l@»to-oxyg®ii inereaaes witJa increasing pH oir@r a rang# 
of S«g-6#t (184)# It any given, pi witMii ttiis rang#, th® 
ratio fi0©r«».ses with tli® pragmas of the r«aetion In con­
trast to tJie ratio for lactate wMoli increasts with tia® {50). 
Th® final ratio for fyrmvate is approximately 0»S (63)* 
• C'yanidt C0#008 I) -and flmoridt (65) haw no «ff®0t on 
the mrohia utili««.ti©a of pyrufst©# 
Acetate,, propionat®, siieoiisat®^ lactat® anS, 0ftrbon 
dioxid© &m the proi3.ttot© • of a®robie utilisatton of pyrmirat# 
(184)• Saocinat# »na lactate i.r@ fomei i» insignifleant 
aiaounts# 
It pE 7m4 ,  tliia»in#-d®fieiiat o®ll® tttiliz# glueos®, 
laotat® ani glye@rol witli an aceaaulation of pyrwat® (126). 
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Adflitioii of coeaftooxflas® mlnlffilz-es tfe® aeetanmlmtlon, Infileat-
ing imoX-^ement of eoearboxylas® in &«roble mtillgation of 
pjTumte (126 )• UtillEatlon of pyravat# is mimff«et©d tjy 
0.»08 molay constat rat Ion® of maloaat#, foH«t«, aeetate, 
propionat# aiid alpln^glyoerophiosphat# (12©)» Iiftetat©, aue» 
elnat®, fnaaimte and glycerol isiilblt mtilizatloii of pymivat® 
at pH 7#4 (lt6)# The rol® of thiamin© still is obtctir© 
{156U 
fh<B pfesenet of & triearboscylie acM systea in tii® prop* 
ioiilo aeid baettria hms h&en demonstrated with pjTum.t0 m 
a substrate (20, 41 )• fh® ensym® syst©«s 3?«®poasll»l« for 
aisslffillttlon of pfTuw&tB are eonsldertd to b® eonstitutiv# 
la aatur© CSl)# 
0»la,©«ti© AcM 
Otlllwtion of ojcal®e«tfit© yi^Me suecliaate a« a product 
&M til# lstt«r probably arla«» viit th® oxalaestat® - ' 
fiafla»t® system whi^ 1® a hyirogeia earrier la th« proploalo 
aelfi ba,etaria (96)# Oxtlmeetst#, probably fmaotlonlug ai a 
hj&Togen ftseeptor, eftt®ly««e tht fefmtntatlon of glycerol, 
arabinose, trythtrltol,. Inositol and nannltal (96, 98)» Irl©-
Ing fro® oMlasfttat# in tla©i« estalygsi f®M@mtations mra 
®aliit«i and foaarit© which persist in tii® ®erly stag®® of th# 
f®CT®Etatloiis aM th®a disappear C©8)» Snmimt® '(up to 40 
micyoaal®! for @aeh 100 mtoTOaoles of oxalae®tat« added) aii<l 
cafboa dloxid® (up to ?4 Blcroa®l®s tow taob. 100 mlercmoles 
of 9xal®.c®tat« addtd) fom®A CiS)# fhds# «acfcion® 
o©cup In felc«rteoaat« buffei* with an atmospii®f@ of mrhm 
aioxM&t Mm owemll weotloa tqmtlon wa® propos®a i77)t  
3 Oatalaettale a 1 Saeoiimt# -t- 2 A;eetiit« -f 2 Bim ,ThQmt& 
.  + 2 Carbon dioxid® 
Ftimantatlons of glttcos®, laetat® aofl 'pyrmvat® ar# not stlam-
Ifited hj oxal»o®tat© (SS)* k&TQhlmllf^ oxalacetat# tek©s 
pai»t in A ^trimThoxjllo acia systsm which forms eit'i^t® 
(go, 40, 41)• 
Malle Aeia 
Itlliaatloa of aalete hj tlie propimic aelfi toaotsria 
was st«dl®d fiwt hf Fltz C§4), wlis propostfi tim rtactloa 
mmlmnismt 
.5 Malmt® s 2 'Pfoploagit® 4- 1 4e®ta:t© +'4 Gerbon dioxMe 
+1 HgO 
•fh® D C4-) liom#r 1® not utillsti (90)# Th# L(*) Isomer Is 
titlli««<S wlQa tk« fowiitlon of eefbon dioMd© (14?) anfl, 
siaeeintt© (96, 98), wlileli may bt fowtd ¥ia tlw dlcafboxylle 
aeia s@rl@s, tli® first step being m®dli.t#a hj fxmmmm (51, . 
98) wM'Oh is we'vy pmmimnt in tfe« pmpionie &eM 'baeterla# 
53 
fh© fwaa»af# syitem Is not effected by treatment: of liiole 
eslls with toluene (61 )• In the preeenc® of ©emlcarbussld# 
at pfi 5»t,' mThon <31oxMt Is formed ®lowly fi»oai nalet© (53)» 
Malat# doftat«s hj&mgBn only sligltly to methflem t»lm® 'ewa 
ortho-ohloTOphtnol IMophenol (14?, 149) itt th& pi rang© 
§»5-7»0* liidox pottntlala la the mtllisjation of mlate hB.m' 
been a®t©mlii«d • (M?)# 
.Adrolslo^lly, Mlat® Is mtlliztd with only « sllgM mp-
tak© of oxygen (41, 98, 14?)» 
UtillgatioR of Ii«Mlat® by f#llloiiell® mm-mmB (58) 
yields solecttlar hj&TQg^n and ae#tat® la ®qmiiral«nt amount® 
(81)• fMs organism doe® not utiliu® sugar® f«m@at«d toy 
tJi® propionle acid fe6ct®i»ia# Imtn aieroorganiims aetatoolla® 
»alat® with the formation of prspionat#, ac#tate aM carbon 
dloxid© (78)• 
©lyssrol i® mtilis«<l at an iaer«a@®d mte hj afidltloa 
of aalate to the feraentatioa. lalat# appftraatly act® as ft 
earrler of hydrogen (9S)# • ... 
Imer-oMcftlly, et pH 6»8 aaS in th© preseiic® of 0^^-
oarbon dloxid®, tli® tissimtlatlon ,of maliit© yi«Ms ©mocinat® 
whiola eontain® only part of th# 0^* which aposara in suc-
cinat® iriombfttea with iioxid® CS)# • 
Puaarle Aeid 
Foraiation of fmajmt© fro® oxala©®t»t© (96) anfl gly0®rol 
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,(96) lias b®ett ^©monatrated* 
Paaartt© i® tttlllztd with tfa« fo»8.tio» of »alat® at 
pE 6»S C98|, a»<S-fim-ocinafce (?, 96, 98)• In &m. atmosphar© of 
earbon filoxli® end in. blcarbonftt® brnfftr, 95 per- c#*it of 
fuaarat# aMed Is oori^®rt#d to sneeinat# C©8)# In %h& pi*®s0ne® 
of gt»lcai»MsM« et pH S.g, ftw6»t© is iitllls«d with febe 
fomatloa of earbon dloxia® C3S)t At pi 6#8, e«ll-fi«# ®3e-
tmotB of 40-la.ottr-ol<l etll® of Pgopiopl'ba.Qteria pentoaacemi 
fom »or® oarljon ^ioxMm tlian dxtracts froa t4-hoai»«oM c®lls 
(160)» Wiol# e®llt fom earbon alexia# fmm fmAAmte as well# 
Fuffiftimfc® dQimt#! hydrogen to »©tl^l®iie tolm® anfi ortho» 
eliloropiitnol tiiaiQlfli«noX (147, 149) In the pi y&ng©, 5«5-7.0, 
i*®8©»Ming aalafc© la tills f@sp®et# fli® syst®ii, ftiaa-mt® 
oxtlecetatt, aets eatalftioalli' (96, iS) aad tii® syEttm, 
fwfflarst© •»elat« bas hmn d«ffioast»tta polapimttfioally 
(98).. 
In f©mentations of glymmXt eatftljtle aiiownts of 
ftaiaaFal# laereas# tJi© amomnt of acid (ineliadlug stieeiimt®) 
aixS- eartjQfli aioxM®' fomed (96, 98)• fJae rtaotlon, famarat® 
>• sueGimte, ii iii»ensitl¥® to flmorld# (?)• la tte.® 
pr®s®ne® of flmo-rifit, fwiapftte aec®pts U f d r o g e m  fro® th# 
oxidation of gluoas®, and phoeplioglycerst® aeowulates alo^ng 
with suoeinat®, th« am©mt of th® lattfir torm^ trm fraamt® 
toeing approxiaately t^mlvalerit t^o th# Inorganic phosphat® 
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©st0i»lfi©'d In the i»eetion C?)» »jst#m, fimarat® > 
Bueciimt®, h«.® be«ii ©atablished ms a q&tti&t ^  hjamgrnn.  (S## 
sect lots, on smoeiale aelfi). 
At pH §*8 and am©roMc conflltldnsg ttt ill sat Ion 
of fiMa»t® Ititlm presene® of • e^'^-earbon aioxM® yields 
succlmt® coatalntng m aatlTlty CS)» • 
Wxmm'm.te Inhibits' mtlllzatlom of pymiYtt# aerobloally 
in th© pres#!!©® of thlamlm Cl26)# ,Under &@yoM© eoodltlon®, 
oxygen 1® tstetn up {41, 14'7) "by wholt eelli aK^, e@ll»free 
exti?a0ts (160)'» 
Himen aiicroorgani®®® fiimsnt fii»afate with thm fomatlon 
of proplomte, «0®tate|, earbon dioxl^® rM moXeeular'laydrogeii 
(78)» V#illoa@lla gugogenes mtlllzei ftias»t® with th# 
f02*®etloii of @qttl¥al«iit amounts of a©«tat# ani-Koleeular 
lijdrogen (81), 
SuooIRIO AeM 
Qocttgapene# 
Poimation of succiaat® In th® proplonle aold tement&tioxi 
of glmoos® was fi3?«t i*ei50ii*t#i toy flrtanen (ISi)*' Since then, 
aucelmt# has b®#n Identified in and Isolattd, froai f«M@nta-
tlons of glweo®®, glyeerol, pyravat®, laet&t© (90), p©ntos©s,i 
stere'li and aalat wort# Foot©, Fi?®d anfl Peterion Css)p 
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aM Igglestdn i 9B) ,  mm.  I1®1 others iNip0t»t©d 
ftmentatloni in whlot mo^imte le fomndu la ot^j a few 
Instmacfts Cth® re.port. of ilQ9) 1® a» «aapl®) i® 
^meeinafc® 2*epo'rt®d ec»pl®t«ly absent In th& f«m®mtetloii# 
Til#, mod,® of fowatlon .of smeelmte la f#.i®tiitmtloM has 
been eonsMired »tii#r extensively* ?aa 11«1 Cll5) augf;@8t©d 
.that sTieclmt® is fomtd tmm asp«i*t.at«'and, nitrogen sourc.es 
In the yeast in the emltuf® fM® sugges-
tlo» was hf Foots, I'red and P®t®,psoii (§5) wlio 
felt tha.t tbe mlmtlvelj l&Tg% amotmti of tli® «eW fomed 
In fementatloas mad® foMatlon of th# acli from s»all • 
aaomts of jemt ®xfc»ot ha^ly possibl®# Wood aM. Werkaan 
(191) uh&w9& eon©lu®lf.#ly that tli® eMomst, of, swcoioata foj«@<a 
I® muQh la @x.eas.s of tti® nitTOgaa coateat of y»eat ®xti?act 
aafl that tbmmtom the j#a®.t exti^et is not tiia main sotjro.® 
of sueolaatt# 
Wood sM Wtrlmas (ISS, 198) sttggestesa tJi«t ©ueelnat® Is 
foiwa by sfotiieslfl fjpo* ae®tet«# ftol-s si^g#stlon. wag b&se4 
an lneoftclm.slv# d&t®# M. swb.sequent report (187) py.o^Mefi 
further #vld«ae« for tli® ooM®nSfttl0ii* Gontrary to tlil® o.on« 
eept, Irebt and lggl®@ton {98} stated that th« i»©aotlon, 
fumarate•sf=5 ®ueeliiat#, 1» .not & byarsgea ©arri©!? uac3.®p 
«,imeroM© oouiltlons and that "slue® imoelnle cannot b© 'oxi-
aiaei. mnfitr mmsTOble coadltioas, it eannot be an intsmdfli-
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ttte in th® oxMafeloii of ac©tle goM''*, Krebt (96) had pro-
pouMs<3- tills aliment ©arller# In a private coMimleatlon 
to Carson aafi eo-w-orkers (tl) later im .-ralli ptibllostloa 
(97)# lwl>s 3Pspos*t®<l that the set of .r©TO»llbl® r®6otions 
b«tw««R oxelact«tet«, mni succinate floes, occar lii th® pi?opionie 
ecld. toaeteria ®,M tliat th©«e bacteria ean m^nm oxalacstet® 
to suealaat® 
Iy©b® and %gl@etoii, (98) the yields of smccla-
«t@ la. tb.® ftimenfcstlos of gljoeroi by addiag ae®tat« to the 
syst«a» Bmhmn asd AJl l§) laeubatefi smaoliiet® with 
aoatatd "but foiinfl th© equllltorliai suooinmt© laaetlif©# lo 
©xteriml hydrogen acceptors w@r© pT&seat* Th.® Implleation 
is that ae#tet© as suot mn l3« ©ondenaefl fco smeeinfit# only 
la th® pyes'^nc® of a, sttltabl# byii»ogen aea#pt9r (substrate)# 
In a report appeai'liig t®a year ©arller, Ii*®bs aad- Bggltstoa 
(98) • pointed oat tliat syathests of su6cliia.t® is lnci»®sed by 
the adfiitloa of aeetat© durii^ tb# fe»®.e.tfitlon of, oalaoetst®* 
It was &a gest®{l that possibly ac#tftte donstss hjArQgBm to 
th,® pMuc-Bioa of oj:ftl®e®t®te, tomt #vld©»0t for th@ anadpobie 
oxidfttion of ao®tat© peg .g# to omrhon filoxie# was lacking,. 
fht question'Of .oondensatioii of auetat# rtmalns umm" 
However, the fiadi,ng.of Stteelayl phOBpiiet© and t.h® 
Iffiplicatlon of e©®nzyae A ia it® metabolism (1?7, 1?8, 179} 
may tie .in with the cotuzyai© A-ao#tyl coopltx shown to be 
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Ittvolfed in the mtlliEafclon of acstat#* It may b® that th® 
complex or soma asaoelat#^ fom of ao®t®t® is essential to 
co»d©a®ation, 
A third cooctpt of th© foOTstlom of smoclnate originated 
with ?li»ta»®ii (163) who proposed a split of tl» glucose Mol­
ecule into m 4-carboa and a 2-car'bon figment, the i-oarhon 
fragaaiit helag, sucelaate# floods Ston© anfl larkaeii (136) an<a 
Woc^ and Wertotam (196) at'flFst favored th# idsa hut later 
wlthiyew support (19g)* "fheF® is in reality no autostantial 
proof of th® often p3?opos©a 4- aM g-eai-bon oltaTOg® of 
glueOS#" (lf8)» 
Wood rimS W^Tlmmn (198) lati»oaue#<3 a further concept of 
the fomatlon of suocimte wtoii it was eaph«sii;®d that suooin-
at«, a 4-caFboii ecrepound^ is fomed fr<»i glycerol^ s 3-earbon 
compouM, 'ftnfi that therefor® th© process, must Introl'r® a 
synthesi®., A r®port appearing in the saa® year (19©) dis­
sociated the foimtion of sucelm.t® fro® utilization of 
carbon .<31oxld®# but later extensiir® reports (82, 120, 176, 
194, 195, 198) a@ttoaBtrat«fi a olos® relationship between 
utlll»tlon of etrbon <lloxM« and, th® fometlon of' iuc0liia,t«», 
Th® concept of fixation of carbon dloxlie onto » 3-ca,rbon 
moiety with the formation of suoolnat® (possibly vis th® 
aiearboxylic field s@ri®s) (98) e¥olirt«l„» lAttr reports (119) 
Ttrlfitd th®0e fiaaings and substiantlated th® concept. 
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Tracer experiment;s (22^ E5|- showM alaoet wnlfom aiatribu-
tlon of la"btl®<a carbon atoms la succlnut® ®,M propionate and 
plaotfi th# earbon dloxld® fixation rtactlon la doubt• Sub­
sequent rsports demonstrattd that the aetbod of fisgraflation 
of products used to locate tli® trae@r atons was aoii-®p®oifie 
(199, 2031* I*o©atio» ctf ttie labeled earbdn dioxide carbon 
solely in the mrhoxjl groups of sucelnete aiaS' propionate wa® 
demonstwitefi mud • confimed (bl, 200, 201, 202)# 
Mor@ recent •-.•efitJenoe (1, 19) derived frcia tracer • experi­
mentation inai0fi,t®s th® ©xlsteno# in th« propionic acid 
bacteria of &Mzjmmtic iysteais mrvying out (a) th© fjhuial^g-
Wleland eondensation of ©eetate, and (b) th& fixation of oar-
bon dioxide leading to tli@. foiB»tl0« of smocinat®. 
PtilizatietQ 
Succiaie d®earbo:xylaf0 has elassifi#^ &s a eon-
stitutiv© tiisym© siae® it sceurs wli®th@r cell® mm g fmn  in 
lactate, glmom or D-tarfcrat® CSl). Emyiam rtsponsible 
for the utiliiation of Sicarboxjlie acids Imm beta reported 
(81) as being tbe conatitmtl'rfi feyp® aiwo© their activity 
does not vary with the growth, e-abstrate# 
, Shaw and Shsraan (133) w©r® the first to p«port utlliEa-
tion of sttocimt® with tlit formation of proplomt© and ao®-
40 
tat®#, Beeartooxylatlon of .gucclnat® resulting in th# fome-
tlon of proplonfet® was s»gg®st©d on several occasions (49, 
6g, 147,. 184j> 186)j» th# TOaetloa oeeiarrliig ®o«i at 
lower pi le^el® • and mnder .tue.eroMc eaMltioa® (18?) • fh® 
eloi® r®.l®tt©iiEiliif> of g'tteoiiist®.,and pmpiouBt® wes demon-
stratM % ••Foot©, WmA sad Peterson .(Sfe^l. whan they fatrnds. 
that th® greater tht amomiit of ®ttcei»te fo«a«i> th# low©r 
%h& releti"^® Vftltt® of pTOplamte, HlteJiner (76) pointed out 
that in the prsseac.e of f©iaients.l3l@ es'pbsjhfdfates, sueolntt© 
is mtiligtd whei^eas no mtiliE&tion occws at pH ?#0# 1 
aimilar x»©poi»t (6i), T«rlfi«<J tli«s© finflingi. Kwlas ar^ 
Iggleston foimi. no utillsatioii of imecinat® et allaline 
pi Is's'els ti^iid,0r amtrsbie c-oirdtl^ojis. In th® fl 
•4#4»6#5, they foarad that wh«r«as wtilization of gltacoe® 
•fleMi the msnal pydittots qaalitatiirelf anS fmntitatiirely,, 
adaition of ©uoeliate imrmsm the wlatif® s»©mta of 
propionate anfl earMn dloxifi#. In ©XBsriaents usirjg constant 
pH l©¥®la (7t), it wa® fmM that when th® pH,y«i«ins atooire 
S»5, tlae- rate of dd-eayboxjlation is nist, iiief«a$ed tsy the 
aiaitioa of gliaooe®# , Decarboxyletion of suocimte oecmra 
only if tlit pH Qf the aeflita •falls feel^ow 6»i du^lag the 
fem®ntatioi%, Slsilar r&aults were obtsiaed toy Ratagiri 
®nd Ichikaw-R (87) who set •th® ®aic.i»«® pH.for activity ®t 6#4# 
fhej wportei sce«l0i»Rtion of d«e®i«boxyl».tioii by addition. 
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at pi 5#2|, ©f glucoa# aad jeast ®i:tmet in e«feiB«ttloia "bmt 
ii©t Indlvldmlly# Witfe lactet# as a ©arben SQupm, ttmm Is 
no ehaiig© of ®.0l<Jity auj?lng tlm fementatlon and, with an 
initial pH of fttiiM smoeinat® Is not attael£®fi C79)* 
Johns (82) r®poiHb«fi that with laotat® m pymiTatt as energy 
sources, fomatlon of e&rhon fiioxlA# frai sueeinat# is In-
hlbit©a, fhlB psport way he siBilai» to th® otheM In thftt 
the pli l0ir©l of the fomentation is mhOT® th® activity rang® 
of ttteeinlc dsearhoxylase. 
Other ®¥id®nce iMieatts alaoat eoapl®t# eonir«ralon under 
ana,0rohie eondltlons of auceiaat© to propionate ®»a earhon 
dloxld® CSS, 78, 79, Ui, 17B, 184, 186) with tht pi optimw , 
arouna 6..2 (S8, 79, 88, 177, 178, 1S7)» ,0m report places 
th# pS optlmua at S»t-6»0 CSl)* Aetiflty of th® @n«y®e is 
nil show pi S«8 C38| 79) ftlth^ia^ pH 6*4 la said to he th« 
top limit i87l» A 09atr®st to th§»® reports is the on® (78) 
fhowiag eon¥®raion of sueeiMt® a,lmo«t quantitatively (9S 
per cent eowsrslon) t© proplomt# and carbon dioxide at pH 
7#4 toy an iina@roM© mierooooeu# fro® malnat fhls finding 
Is of Interest nine# th© p»m®iihillty of ©tils to smeeinat® 
is ©on®id«r©(3 'to h# a po®slhl» Mtt'-^etemlning factor in 
th« ttt ill nation of sueeinat© {21, S8, 82)» ^B'e'ifiently sme-
oinie acid eaa paa® Ottt of th® bsetisrlal 0«11 at pi valutfi 
above approxlwatsly 6*S but cannot reenter mntil th« pH 
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aboT® .approximatfily 6,5 "but eannot r®«nt«r mfcll thm 
pH drops below that l®f©l" C82I. 
11 C^^-earboxyl•labeled- smoclnat#, femeated 1ft th# pr#8-
«nc« of glyeerol ®M bloarboimt®, mm reported (22) to yi®M 
propionate with r8ndcml»<l lBb«liag of tli® cartoons# gubs®-
qment reports (119# SOS) allowed tl»t thm atthofi.of dtgisnda-
tlQE of products was non-specific «b<3 tb«t with proper 
d®gra.<3stloa th® labslimg. is fomaS only in tli« mrhQxjX group®, 
of propiomt® anfi itx tli® earboa fiioxid® formed# fhts© find­
ings a.r# further «¥ld©nc® for the deearboxyMtioa of ©ueci-
mt® with til® fowiatioB of propiomt® a»3. •carbon dioxide# 
Itow int ere outers ion, vmlmea for tli® r«&otion|, sueelnate > ^ 
propiomt© +• mvhon iioxii®, haw® been i®iaoiistr«t#a usiiig 
trftO«r oompottnd® Ci# 21), Hartelims •C?4) presented ©videae® 
flooring til# foMatioa of lacelnat® toy ooeblijatioii of oarbon 
aioxid® and propioaat©* 
Propioaie »eid bacteria grown in glmeos® or glycerol 
yield inereaS'td aaomnt® of propionate aafl. carboa dioxide 
froa glmeos© in th« preseae# of fluorid® men though th® 
utilization of gluoos© la deersas'td# In ftBaentatiojM of 
glycerol in th« prt^ene® of f Inorid®, t1». aaomnt of suh*. 
etrat© utilised i© d«cr®ii.s©d ©v«a though tb® formfttlon of 
propiooat® is sti»ttlat®d (198)• Tb®#® f^lftdlngs rea#sbl® 
tbos© of Bartor m& Mpimm (6) la wliicb fo»fttlo» of prop-
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lomt© fmm pyruvate Is lnere&s#d in the of flmoi'ld®* 
The amount of suoclnat® fomed ffoa gluoo®# or glye®i»ol in 
til® pi»es«nc® of fluorid®. is decreassd below the mml le"rel 
(1981# IiiC3Wtsed fo»Mi,tioii of succinate in the atoaenct of 
flmorid® ifi aceompanitd by an almost ®qui¥alent "decresse iia 
th® yield of earboa dioxide Cl98)« 
Littlt efideno® eoncernlng th« utllissation of sueeimte 
by aerobic or oxidativ® pi?oces8®B is ®mllabl®» Sr®b® (96, 
®7, 98) lias eontrlbuted laost to tli® inforaatiou on th© eej?oble 
aieas»boxylie aoi^, eyele in the propioni® aeid baotaria (S®® 
section on dioai»boxylio ii.old8)» Mierococcug laotilTticm® 
cleaveis Stteeinat® with t3a® formation of S[0#t®t® (178)* 
Fomation of propioimt® ar^ earboa dioxidt fro® suoein* 
ate iS' not liaitefi. to th® nemh&m of the g@nms Propionibaeter* 
itiai» Veilloaelia gatoiceneg (lat«r named Miorococaue laetily"' 
ticua (§7)) carries omt a qiagiitltatl¥® eom?®riioa (81) at th© 
pH optimm, 5«9~6#0, with, no inhibition by 0#01 mol«r nmlon-
at«, as reported for Propioriibaeterittm pentoiaotm by 
Belwlch® CS8)» lo ae«tat® Is.fomtd in tb@ rtaetioa# 
Clo®tri<lii«B pro^-pionieiM does not f om guocimt® in it® 
feimentation# iVf) -alttiougli uadtr »tia.0roblo conditiona it 
produoess a propionie-lllce fermentatloa at pH 7«2 anfl 57® c». 
It afty b® inferrei that propioimt® is formed is this instane® 
by a mQh&nlBm not invol'^lng €«©arboxylfttion of smcclnat®# 
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Harteliw® (74), in ®tiadl@s on th.® f©r®ent®tioii of glycerol, 
pr®8tiit#d ®irlfi#n©« for the omurmnQ® of proplonat® in th® 
absene® of sucelnat®.# 
Meohaaisa of mtillaatloii of ©mcolaats. 
PsuiiBps th® first mtt^apt at showing, ©ofaotors «s#@ntlal 
to th« d«oarboxylatloh of aucoinat# mm that of Bsrban aria 
AJl (5)» It pH 5«8, under anaerobio eonfiitiomi, Intereon-
vtrsioii of proplon«t® and laheltd earbon dioxide was demon­
strated# Th# lii¥olir©ment of adeosimtriphoiphat® in th@ 
reaction was pointed up# Fonifttion of ® phosphoryl®t©d 
suoolnyl coapottM wat indloated in th@ findings of Bmrker 
and Lipaann (7)# In the fermentatloji of glyoerol, the 
quantity of smocinat® fomed is t.qmlvalea,t .to the inorganic 
phosphate 0st«rlf ied» Delwich©, Fhar®® and Cerson {4.2) ,  
uBing e®ll-fr®© extracts, showed th© iOTrolfement of ®d®nosln® 
triphoaphste and eoenzya® 1. in the reversihl# deearboxylation 
of Sttccinat«» Th® data iMioate that a 1-ea.rhon oompomad, 
a,eri¥©d froa sttocinat©, ooabines r©"f©r@lhlf with « S-oarteon 
derivative of propionate» • Th,® l-earfeon compouaa apparently 
1.8 not earhon dioxid©# .Pharea, Oarson and Delwloh© (118) 
d©aonstrat«d that th® l«carhon fragment, originating fro® 
th« gaiffiia-oarhoxyl of smccinyl-cotazya® A, may Ca) -ooahin® 
m 
wltfa propionate to fds® ©ucolaat®! ( b )  form 
carboB dioxld#, Ce) b« lnoorpo»t®d Into aalat® mrboxjl 
gromps wltliomt going through fiM®»ifc® qt mThQn dioxide • 
Whltelf (177) a«»oa8ti*Et©d that tli# ©sseatlal ooaponents in* 
fol¥«6 in deearboxj^lation of saeelnat® by eell-fr®© extracts 
MiopQOoeotts lactllyticas a» OQemzy®# A, aiimosine 
ti»iphospluit@j| o&©a3?boxylafi® ani aagaesloa, ¥aa li©l, (116) 
pfported this work In symposlwa, • 
Krampltz (116) report®^ that c®lls i'lisiabated In mn ^ttiaO'S-
pher# of hf&TOgen suffer a (60-70 p«p cent) activity 
of suoolnle d®e«f^bo:^la®# vhMm&& laottbatlo-fi In an atmos-
phi®r® of nitrogen or hallw bt® ao «ff«ct. Msthyl vlologen, 
wltb. an oxMation-ptduetion potential of 0«412 volt, In-
03?eRS©i tli« inhibition to 100 eent# K»apitz polntefl 
out that hjdmg^n probably thm S-earboa prmnmor 
of prapiormte thTOttgh the action of feya^rogamses and eons®* 
Qttently oxldatloii of succinate, whleh is tii.« first ttep in 
a,»eftipl3O3cylatl0n of onoeinat©, io®s not ©ecus?# 
Iblttly (17S, 179), mslng ©®ll-fr©« pMpai-fttlon® of 
Mio.roco.eca.i IfectilytiguSa, <!@acsiiit»t®6 total cQmemlQu of 
sueelnat® t-o praplomt® mn& earboa <Sloxid© at pfi 5#5» Ea* 
toTp full aetivlty of th# enzyme, whieh peaalns in 
solmtloa even t.ftei» eentrifugetlon at 60,000 x 0», are a 
Tsdmelag, agent (svloIi. a® . eysttin©), Tm^gmBiwa.^ coenzym© A 
m 
&M ad®B,osin« tplphosplitte# Biotln t# not lnirol¥®d» fb.® 
latter fiMlag its not la agTO^meafc with, tlmt of Delwlcli© 
i2Bt 39) propiOBle acid tjacttrla, 
Wiltely pr®»ent®d «irldens@ (ITi) fmowlvm th® foiwatlon 
of stteclayl-phoiphmtfi prior to d®cart)03cyl»,tl0ii* fli# 
B®ehenis® 1® lni.i©st®i as follows s 
InMlaifeogi 
Maloimt® (0*5 malftp) lisfctlljlt® fojmatlon of <3«rbo» aiox-
M« ffcm aueclnat® and pmvmmta fojPWBfeloa df propiomte fTO® 
pfFuvat® (SSl# ialsmt© C0#01 aolap) do«# not iuhlMt d#-
caiPtooxflatloa ot gucclamt# ®t pM S»9»6»0 toy f«lllom@lla 
gazogenes (811# Seml^artoasia# (0^01 molar) does not prevent 
fomatioa of pTOpionate gtna. earfeoa dloj:ld© fr<M succlaat# 
|S8). 
Smcselmate 
Afleaosiae triphosphat® 
Co©nsym« A 
Pfoploaat# Sttceiayl-eotoiiwe A 
Sueolmt# Proplonyi-CstMja® A Carbon dloxMe 
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MAfSlIALS AMD- MltHODS 
Preparation of Cells and G®ll-f»© Ixtraets 
Tfa® organisms ti8@d in tM® investigation w®r© Propioni* 
toaoteriiaa pen.toi&oetM». P» peteggonii, F, tbdmiit P» .leneenti, 
L* £,• frettfltng#ieibii. and £• «li®TOftniii> 
Ual^is oth®rwi©« iniicatsd, e«ll® war® grown rniSar aiero^ 
aeropMllie conditioas for 36 homrs «t SO® C* with oeceeional 
ewlrling# Six liter® of aiedlw were inooulatea: with 200 
mlt of a 36 hour cultmr«« The ©mlture medim «oiitain©<3 1»S 
per e©nt earbohydr&t© carbon aour©#, 0#6 p©r mnt yeast ex­
tract (Difool, 0#S per sent trjptoa® {Difeo), 0»15 per cent 
amonim smlfate, O.OOB p®r cent »®.giiiisl«a sulfa.te, «tnd 0»02 
ffiolar phosphate l>mff«r Cpl '7#.1)» fli® pH of th© me&lvm 
following amtoelavii^ w®s approxiiMtelj 6#8# 
Cells wem her^estefl in a Sharpies, higli speed eentri"* 
fug® and washed twie® with ic© ooM d#ainermllMa water in 
a Qliilled Wmriag blendor# 
Wbier® freiib whole 'eelli w«re ustd ia ®xp®ri»®nts, a 
gi¥®o wet weight of cells was im8p«'ad®fi iii buffer of t,h@ 
appropriate pH and molarity tia® density of th® suspen­
sion. adjmstad "uaing a ll©tt-Sw«aersoii photoffi®t«r with ft 
600 MM. filter. 
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Dri®a eell« *#!»# pr®par#d "by a aodlfleatlon of the 
fcechnle of Bsrkei' rnnfi Idpaann C6) in whieli sodi«a hydroxide 
pellets wei^ incluae4 in the vaeuiia |a3? aloiag with phospho'inis 
pentoxidfi# Brl#d e®lls' bbeisp activity omr a period 
of two monthi! wlieii stored in dry atoppersd vials at t^mpera-
tu3?®s below 0® e» 
Thlaaim-fiefieleiit ©ells-w#r@ p3?®ptti»©4 hy th© method 
atseribtd by Sllvewmn awl Werhman (140} using a basal m®ait® 
6evis®fi by 'fatim, Woofi ai^ Peterson {164)# 
,Ctll-fi?®® «xt»dt® wmm pmp&mS by sonie treatmont 
(9,,.000 cyelest for 30 mimteB at approxiaately 0° C») of 
washed fresh oalls smsp©nd«d in la®*ooM d©iiliierall2#ci watap 
or phosphate buffer at th® appropriat® pfl, Soaie t-raatmamt 
was follo*®d caiitfifugatloii for 50 ©imtaa at SS,000 
gMVities Cralativa) at t©aparatuf«s juat abov® 0® 0.#, unlaas 
otherwis© speeifiaa# 
Fimctlomtion of th® call-»fi?®« ©xtraeta wa® aohiaved by 
means of addition of various epeeifled aaomt® of arawonitm 
sulfate in a n®u.t.rsHs#<i saturatai solution® During the drop* 
wis© addition of the praeipitaat, all eolutions and vassals 
wmr& kept ohillafl to approxiafttaly 0® C» Caleulatioa# of th© 
amounts of aamonitsm ®\ilfat® to b® added fop obtaining a givan 
par cant of aaturation war® mada using th® formulas 
(ml, axtraet) (aetual saturation) - 100 x • 
fill# axt»ct - x) Cdasirad saturation)# 
whar© X is^ th® amount of ansaonim imlfat© to add# 
49 
It was fomd fchat oo'asidspatol® fiiacsuats of ©nsywafcleally in,-» 
Aotlir® ppotela may he mmoveA ooriv«ni®ntlj bj- prellaineiy 
us© of the ai@tliod iesoflbei by la.'ofmaii, %QTkm and ci®l Gaaipll-
lo {89) whieh ®»ploy# manganes® ehloFid# as a pfeclpltatlijg 
agent# 
S^irei-al attbods of dialysis w©r# tri«d» Of th®s«, the 
method using inttrnal atlwlng of tli® •:x:ti»aet during dialy­
sis prov@a to b© th@ mo&t tffectiw (Bm Fig., 1)» I,@gS: 
sucetssfml a«tlio.as w«»s CD the leae a3:»rang0iR©nt a.® afeov# 
"but without intei?nal stirring' »a$ with the fifiklng casing 
seMl&d on both ®ads| (B) the ssae apfftngti^nt as in (l) 
with. tb& Vieklng easing and- Its content® sgltated in &n up-
anfl^down faaiaion hy mesns of '« string ®ttaeh®a to a 'rotating 
•wh'#0l| <4) the ¥i®lcing easing its ecsntents susp^uiefi in 
18- llttp volifflses 0f w®.t®ip or buffer fend attaolaed to a stli»-
:plng rod wMeh, ie rotattd bj a mcstorf CS) th® Viaking casing 
dmmn tlghtlf m%T a glass stirring rod l3@nt into an approx-
iaat® reetajagulap outline# Th« oaiing i« fflste-ned at the • 
toottom and top, aif bsing #xelud©d h^tom seeling, fhe roiS 
is then r0tftt®ia. In tM water or baff@r# 
In those casta wh#r® intefnal sti»ii^'*a® not ©iaploye<i, 
th® ©xtmot t«nd®d. to layer out^ th® heavier portions of th« 
aaterlal s«ttlli^ 0Ut in th« easing* Also,, whep© internal 
stirring was abstnt, longer periods of tia« of dialysis w#r® 
m 
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S3. 
required to achieve aatlsfsctory insults. 
Special agent9 
Sodlw pyr«t¥ate w&e prepared fey th® proeeAur® outlined 
by Watt (163)* lacsh eaapl® was tested for eiasaleftl pwity 
ftfifi Mologloal availability* IiitMua lactate wa® prepared 
by th® lafthod 'dsserlbed ia ii®wk,^ Os®r and Sufflsaeraon (•?§)• 
Dicapbaxyllc neWs wsr© i»ecrystalllz«d froa » no3?®al 
liydrociilorlo aoid follQw«il by' drying In a liot air m^n aiid 
itorage In vseuo ore'p pellets'of soilta® hj&roxM@m 
Analytlosl Ittlioas 
Deliyfirogems® activities w®r# studlei by mssas of tb@ 
Thunbtrg mtthylsii# bl«i® 'ticlmlc described by Uffibrelt, BuwIb 
snsJ Stattffer (ISS)* 
ianoiaetrle studies were mwimA O'ut msing 'tb® QomBntlon-
al Barcroft-WapbttS^ resplroaettr appawtua# Wbsx'® i*@qulr®d, 
aimeroblo aonditiott® wfr# obtaiaad by flusialng 'tba syittm 
witb tank nitrogen pas&ei over liot eopp®:r turning® to r«aov« 
any oxygen# Caleulatioas w©r0 amde accoriing to tb« »ooa-
at'i^ations of Uabreit^, Bwris, aM Sta«'ff®f '{1S9} 
fli« Beekwii pH-aettr was us®fl for hjdrQg&a Ion ©oncQUf* 
t rat ion. €©t#f«limtloafi» 
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Speetrophatometric deteralnation# w©j*« mad® on th« 
Beotaaim speetrophotoBietty.  (Model  DU).  
%aal.ltatlva deteiainetioag 
Orgaalc aolds war© cl@teet©d ehrcswetographleally using m 
mod If i oat ion of th© method of Stark, Claodban and Owens (145)» 
Solvents used were those ^commended hj Berrfjp Smttoa, Cfeln 
aad Berry lIS)# folstll© fatty aeld® wQm detected chroma-
togmphl©ally by th.® method of Fink and Pli& CS2)# Kfito 
a(3ld».w©i»# d«t0et®d ehpoiaatograpliioally by th© aatlaod of 
CfeYallinij, Froatali and foschi {24) as modified 1:^ Warbmr-
ton, Sagle® tad Oaaipbell |167)» 
QmantltatiT® detayainatioas 
fotal ¥olfitil© fatty aolds w&t% detemined by steam 
distillation In an all-glass apparfttiis of dtproteiiiized 
reaction mixtmres In the p'i*e®®iic® of 0#4 molaf sulfuric 
acid and Mgnesliuffl sulfate, e® TOsoamtaded by lelsb (112)• 
Dtp rot el nidation of reaction mlxtua?ss was aeeoapllghtd 
best, by tTOatmeiat with, sulfuric acid in. coneeratretiems in­
dicated in the text. Where pyruvate and laetttt# were 
ppessafc In the rtaotion mixture, st««« distillation wai 
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conduet#d In the pTm&nm of aerourie s^fat®« Fomat®, 
pyjm^at® and Isetat# &m d©@t;i*oy«a hj this tr©«tii®iit (SO)* 
Dl®tillftt®i wem titrated ming ©tsMaiHaised •oarfeonat©'-
fre© go<3iu« lijiroEii® solution.® with one per cent pli®aol-
phtlialslii la ©S per ©ent ©thyl aleohol as an indleator* 
fh® resulting solution of selts was us«a In the d0t«nilim'-
tioa of Indl'^icittal volatile fatty aeida# fh® nsutrallzed 
dlstillttfi w©r® ©vapomted down to dryii«B® and the IMl-
¥ia\xal volatile fatty soles det©i?ala®d "by a mofilfleatlon 
of th® method of lamesy and Patterson (1^8) using th® 
Qolvmn shown in Flg» 
•pyruvat® was fletemined by the atthod ot Bu®dlhg- anfl. 
Wortls Cl6)# fo fseilltat® th® proetdur©^ s mnlfold 
apparatus (Pig# $.| waa eoii®truct#d» Iteh plp®tt© of th© 
apparatus served ai e gassing tuh© for alxlng th© solvents 
by bubbling gas through# In aMltlos, hy applyliig negative 
pressure to th® syst©», ©a^ pipette s©rv®<l as 'a ©ample 
remover# When th© alxtur® of solution® hk& h®©n oarrl®^ 
into th® pipette, th© system was elos.fid and th© solv©nt 
layer® allowed to 8©p«rat©» After s imltahl® period of 
time, th® systeu wm op©n©d eM th© low©r layer of solvent 
wa# dralaed. off for further .us® or for dlsoard# As pointed 
out hy Prlftdenan and Haugen (61), tolwdn® Is a more 8p©0.1fl0 
iBolvent for.th# ©xtraotlon of th© phenylhyirason® of pyru-
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vat® but, since 8tanda»as ar« rtin using thm 8ft«© «93Lv@ut, 
©thyl aettate mj b® mssd as the ©olfent# 
Blologlosl avallftfeillty of pjrafmte was {|«t©r»lne<S bj 
th# method dticrlbed by 0abwlt^ Bmrrls and Steuffer C3.59)# 
lAOtat® was aetenainea bj the «®thoi of Barfeep attifl 
Summsrsoa 13)# ' Wimn pyruv&t® was present la tii® reaotioa 
smltsbl# dllmtions w©rt m&Q to a¥o.M ©rrops due 
to ©xo©fislT@ aaouat® of pyravate. 
Sueclnatft and fawrate were istemimd by tin# mano-
metvlQ a©tk©d d@serib@d by Umbralt., By.Fi»is ani St®uff®r 
(159) using freshly pTOpsrefi crufl# pi»@p&ratloa© of sueeinoxl-
d.as® fi®3?lir«d.rfrQm pigeon bTOsst musel®. Oxelaeetat® wms 
detsmliied mlng the anlline-eltrat© mstliod C1S9)» 
fh® protein sontent of e®ll«fre« ©attract® was dttsmlasa 
by tlie aethoi of Weleiistlba'UM' msing' bovine 
plasiaa. aibtmla Ccryst&lllssed) as a sttadai^* 
S7 
BIPERI*1WAL 
of Ss*owfch OonfiifcloBS on Ensjr®® Activity 
Conflletlng ®vid«n©® reletsd to, th® aetatsoliBia of lac-
tat® by th.e propioalo aclfl bactsi'la may M ©xplained by 
heterogeneous ©nsya® ©oaiposition du® to diverse conditions 
of growth# Investigation into the effect of tii©- typ® of 
subitrate aM ag« of oslls on th® enzymatic co»positlon of 
tjells yielded reemltg which iniaioate sigaifioant fliff®r©nc#s 
in ©nssym© eomposition# 
PropiORi'bactegim pentosaeeeiaai mm grown for various 
pariods of tlm@ in separat© m®dia containing g'lmoBe, gly­
cerol, lact®t«, anfi ® eombinetlon of fmarat® and Imctate# 
Tha yield of cells, pi of th# growth medltai et harvest, and 
dehydrogehas® and deearboxylas® aetivitie® ©f the frashly 
preptrsfi etlls wa® d«t®mln@ci« l@s-alts ar® shown in Tables 
1 and 
Of the subitr8.t®s tested, glucose ia atill2©<a most 
readily for grcwth. Yields of ©ells from glucose media are 
approxla»t«ly twic® thet from laotat# a@dia» fh«s© flriding® 
ar® in agreement with thos© of tevlton anti iiargrov® Cl05)» 
Multiplication do«B not occur to any significant a@gre© be­
yond 24 hour® ©xctpt in ths lactate m«6,i\aa« L«vitoii and 
Table 1 
Iffeet of growth couditloas ©E defayarogeBase aetivtty ©f l^plonlbaeterltm seatoaaceiM^ 
0«3wtt ' • loettb®.- lieM Final 
i^im • tien (graas) pi imimAeB) for W per eemt aethyleae bltt# rMt»tioa 
tine (to.) . MLate SieeiBate Iiaetate ^ooioaate ••PsMate Aeetate 
6it»os« M 6,2 4.9 14 2.0 2.3 11 7.3 S»4 
36 6»4 4.6 16 3.3 2.5 • 9 7.5 8.4 
72 6.5 4.S • m 4.1 2.6 " 12 8.C g.8 
cay©®»i 24 4.1 5.9 18 18 • 2.3 • 30 26 IS 
4.3 5.2 20 19 2.3 . 37 m 20 
72 4.3 4.6 27 16 2,4 37 29; 22 
lactate 24 3.2 6.9 24- 2.0 ' 31 40 «»® 
36 3.8 6.8 24 2.2 33 • 42 %• 
72 4.2 6.8 « 25 2.2 • '30 m «» 
iestat® 24 3.0 ' 5.9 15 3.4 • 2.2 9 7.1 ^ 20 
fasarat# 3S 3.2 5.1 .20 4.6 2.1 14 ^ 7.1 24 
n 3.2, 4*^ » 4.7 2.3 20 7.5 . 23 
Iktmberg tiibe contained aig# cells (wet wl^ht), 3 lal* 0.1 M phosphate buffer (pH 6*4)i 
1 »!• It IC^CXjO methylene bltae^ ^/tMoles siabstrate (pH adjusted to pH 6.4)» de®inerali»^ 
HgO to total volw® of 6-.0 «1* ffi© Thtmberg teetoic vm e^dueted usisg naked eye obsersratioa 
at m «|allibratioa t«peratBre <»f 3(^ C'» 
io reduction 'within 60 »i»ot®« 
®** ftaly partial i^aetion 
fable 2 
fffect of groMtii conditi«ais ou tQm&ttm ©f ©arbon dioxM© frm. 
several «ibstrmt«s by feoplonlbaeterita ewitoaaeeta* 
^ ^ toetafeaScm Haal"' '' ' ^ ^te "'of 'S2 'aiS%«s) ' " 
tla® (hrs.) pi . 
Malate Socginate lactate . F^mmte l^arate 
fislueose 24 4.9 20 99 147 32 
36 4.6 18. 11  ^ 102 • • Its 39 
n .4.8  ^ 16 129 . 174 m. 46 
Glycerol 24 5.9 17 86 141 241 24 
36 5,2 15 • 81 152 257 
72 4.6 14 84' • 163 ;309 19 
lactate 24 6.9 15 49 168 . 229 16 
36 6.8 16 41 JS2 288 U 
72 6»S u 39 206  ^ m 21 
Lasstst® 24 5.9 . 28 55 164 • •208' 24 
plus 36 5.1 23 61 132 212 27 fmmmte 72 4.a 15 71 141 2B 31 
®l8eh flask eoHtain®d J^ O mg, ceHa (wet weight), 1-^, 0,1 M pliospliate buffer {pH 6*4)# 
40 yO'fiBles gtibstrate (pH aajtisted to pH 6,4), 0.2 ®1, 6l 11^34 (fer stopping imctiaa 
sjftdt releasing tioiaai earbon dioxlie), deadneralissed ^O'to total-iTOlTme ©f 2..0 
&eh flask tms fl«Aed Mltii ^-free tgnk B2 ®i«ilibrated. to 30»4*^-C. 
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Haf^rov© (105) TOported that their fermentations were.cosplet© 
within-40 homrs,.In ooatrest to th® five or,seven days re-
Quirefl for ccmpletion of f@rmeritations, ai reported by ®arll@r 
wortor®# Low pH values la the media probably llalt growth in 
all «xc@pt th® Isotat® medium where th®' pE does not chang® to 
any fflark®d,<i@gr«®«, 
Th© tff^ot of ag©. of cells and. earbon aoure© on th« 
a®hydrogeims® properties of e®Hs Is Indicated in fable 1« 
fh© fhunberg m®thyl®»® .blue t.eehuic w&s usefl in these deter­
mination®. fh® relatively gr«st momit of lao.tic dehydro­
genase in all types, of o'ells BuggentB m universal constitu­
tive lnt@.med.i®ry funotion in th« propionie aeld. bacteria* 
M.r11c d@hydrog©nfi,«« is relatively inactive In all ©ells, no 
activity being, detected,in lactste-grown cells end in th© 72 
hour lftctat©-f«»a.i«t@ cellg# Suoclnlc dehydrogenas® activity 
In glueos©- and Isotfite-fuatiratte-growfi cells is maoh greater 
than in th® Cg-grown'eells# Dehyirogenas® activities with 
th® voletile organic acids- s® substrates • also are weak with 
th® exception of thos® cells grown in gl«co®© and laotate-
f«aara.t@ media. 
Dehydrogeims© actlvltits apparently decrease with ag©» 
In any on© ag«, the typ® of substrate detemlnea th« extent 
of dehydrogenase activity# Q-lucos«- and laotate-fmarat©-
grown cells app.arently synthesis© greater amounts of dlcarb-
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oxylio ftold i®hjdrog«aBS«s thmn those e#ll® grown oa Og « 
oompouoKSs* Stoa«, Wood «aa W@3*ta-aB Cl§0} thet f&ttj 
aeM §Mh.j&Togema%B are inhibited toy aglag# 
E«dmetl0» of atthylen® "blu# In the preseno® of glmcose, 
pyravtte mad laoleettlaa? bydrog^a li lncoMpi«t@, as ,lt Is with. 
03Ealacetate as smMtrat®# Mditlon af th® lattej* to th® 
reset ion mixture 1® mmmxp&nlm^ frothing, protoatsly due t© 
decartocjxylatloii'of oxalacetat®* i@thy3.«ii« bin# 1® not r®-
duetd by laet&t@-g**owii cells witb fumsmt® ma sulsitfat## 
1 slail&p s®pl©s of txperlatats was eonSuctea 
ipleally to aet^mint fiseftrtoxyletiott ftetlvltles of eells with 
th® «@m® dlveralty o^f gwmth eoiidltioiaSd E#iults ap® shmm^ 
In T«bl« • 
Proploi»t«, ao«tat« and foraiat® yleM'fslue® of car'boa 
aioxid# app^oxlBstaly ©qmlvalent to th© ®»dogenous values end 
laay to® consMerftd all* Fomatlon of o»r'"bon dioxli# trmi th® 
fSlearboxylle meMs' 1® m0fi@»t@ly weiilc In all ea®«s# 
aetivity of sttcoial© #®oarl30xylfts« t® w«»k In Iftetatt-grown 
e#lls# Mdltlon of 2 X 10**^ aolar Maganfts# 'olilorid# to tli® 
fflalate r®atetlon failed tO' itlMmlsite fomation of mvhQn 
aioxlde, la^leatlag the abstnet of a significantly ®©tlv# 
nmlie decarboxylast. Fo»iitloii of eartoom dloxM® fr« 
laotftt© ana pysmvat# Is quit© proalnant, glmeos#- and, laetat®-
fi^i»«t«»g,rown 6«lls sbowing th# Itast ftetivlty# Aging 
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s©tffi© to increase deearbo^ylatlon of pfxnairat® and lactatet 
Utter, Itlnitsfey aM W«rkffla.ii (160) found a siailar sltm-
tioii using ©xtraets of 24- rheS. 40-liour o@lls of Fropioni* 
Mottrima pc.ato#ae®m# 
lasiimmtlo aotivltl®® of etll» vary with th© growth con-
dltlons# Dlscrepsjaelts 1b reported elmract«rlstics stifi 
©n^yaatie ©apaoittss of th® propionic acia bacteria most 
probably ar® .dwe to the laelc of iiiilfomlty of eultural Gon-
ditlons to whldli the bacteria were «xpose<a* Of particular 
interest is th® finding of coaperatively Idw aetlTlties of 
succlnls- d©oarboxyla®s in e®lls grmn Im laetat®# Dtlwiehe 
CS8) fairored dscarboxjlution, sf suooimt® at th® prlnclpl® 
pathway by, whloh propionate'.Is farti®a.» fh® rol« of sue-
clnata In the forrsttlon of propionate hae been includtdl. in 
mo&t -mrlme @M dlseusaloiws on th# a®ehanlsm of formation 
of the proaiictS' of th«. prcsplonis aoi<S' f©mentation. Sine® 
such Importance 1® att®i.ch®d to this partleular reaction, it 
was f#lt that possibly the. cultural condition® used her® 
»a.y hav® aff@ot@d; tho ©niayii® syst©» n®g&tlv0.1y«. Th® nature 
of this- effect ia¥eetlgat®i. 
D®lwleh« (S8) aehltvtd sucoesi- in obtaining c@ll« with 
a high actlirity of succinic a©carboxylase# • fhe cells used' 
in his experiment.8 w#r@ grown in glucos® a®fiiiM c<>n«lst®nt-
ly« In the ©xpsriaiants {.see aboire) on the effect of cultiva-
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tlon of ^ Proplonibaet'eylm 'pentosaoem In various a®<lla on 
th# tnipeiatle properties of th© organism, sto^ek emltui?®® 
w©r# earyied In glueos® as wtr® the inocml® tts@d to ®ta.rt 
t i l t  v u r i o m  g r o w t h  c i i l t m » s »  I n  # f f ® © t ,  t h ®  o @ l l s ,  h e f o m  
liioeiiltttioii Into th« farlom® msdia, had been •Jtposed to 
oalj oae typ® of cultuiml ©nvlromfiiit • followli^ growth 
In vayiou® m@dia for a maxlaua of 7g hows, ccm-
posltlon showed wriatioas as shown in fables 1 and g» Th© 
©ffsct of ©xpo«tti»e of the cells to the divers® oultttral ©a-' 
viroiBii«iit® for gi^attr periods of time was irt¥#stigat©d# 
S-ueelnlo decs rboxylas# was selecttfl for sttafiy sino® it 
eppawntly wae coasidertd th@ aaln ©agyme ®yst®® »sponsibl® 
for th« fomat ion of propionat®* 
ExpQSum to the ememl meiia was ft©oc®,pllsh#fi hy w@@Ie«* 
ly transf®?® of eell® in glmeos®, glmco8«-stt.eelmt«, gly-
eerol, l&etat® ana lactat©-f«iiiaf^t@ hroth®* Growth in lac­
tate characteristically is ropy, lis ©omtrast to tht.mswal 
gramlsr growth# Growth in ttoetst© we® att®»pt©dn Growth 
a.«©r®as6s slightly with ®aoh transfer thro'Ugh the third 
w®#k, at which time growth return® to its usual level# low-
ever, growth in «o#tat« 1® ipars® in ecmparisoa to growths 
iii^ th® other media anfl therefor® wa© dlsooat iiaue«l at this 
point# lo growth wa® observed in lueolnat®, for®at« «jmI 
propionet# after th® third transfer# '' Following growth for 
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Bm«n daj®, a on® ail# inoculiia was remofsd for tran©f@r 
%o fmsh. aedla» fh# mm&inlng cells w«r© htrvest^a, wasli«d 
twlc® with ^emlmmllzM wat®r tM used 1e waaometric ejc-
psriments to d.©terailnei th« fi«gr©e of fiotivity of sueclnic 
deearboacylas® la «aeh type of d«ll« The pH ttsed was 5#.E« 
Value# shown ar® thos© for 40 ag# {wet w«lght) of oells*. 
Reaults are stown in Fig# 4„ . 
The aotifity of smeeiale d@®srtoo3Eylas® rtimlns r®latiw 
ly eonstant la glueose-grown 'Citlla, wh«.r®as e®ll® grown in 
th© other w®il» e:shihit progressively weaker, aetivlt®® 
whioh apprdaeh a comt&nt l«¥el after stTeral transfer®. 
Following growth for &men days, all of th® media show low 
pH Vftltiss C4»4«*4»8) @x6«pt th® lactet# meAivm, in which a 
relat l?@ly high pS l@f®l C6»8) i® i i«lntain©d»; ^ohns (79) 
fouMiS no oh&ng® in pH with f®mentations of laetat©, its 
did Gtt«r# lalnltiky anfl Werteffltn <160) mslng e#li-fr®« 
prepftratioiis# 
It vmf b« that pH d@t®OTiii®s in part th® enzyme cow-
poaition of sells# Krehs and lggl®ston CtS) fomnfl that 
Itetfttt-grown e«ll® im 8igiilfie«,nt pi ©hsng® in th® growth' 
»®dim) f@»@nt glycerol slowly^ whtrtas glye«rol»grown cells 
Clow pH in growth aediwa) fennent glycerol rapidlyt f.h®ir 
results m®y h« ®3cplaiii®fi toy pli ®ffe®ts on emjm% oomposltion 
aa well'lis by Bubftmt® diff®r®ne«8« fh® «ff«et of growth 
m 
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pH m smeciiile dtetrboxflsse aetivlty was. noted hj Delwleh® 
CS8) wli0• reported, the ftbs^no® of ®ucQlal© dtcerboxylas® 
aetlirity In e®ll« grown la glueos® a#dia and harveettfl he* 
for# til# pH of the growth aedlwm dropped below 6»S* In eon*» 
t'rast to this report, Johns (7$) not«d,tli# qmntltutlvm de-
oarboxylafcloa of •'auccliiata at pH ?»4 t^y an amerobie micro-
C50C0US frcm Bhmp rmim responsible for » proplonle acid 
f©Haentsitic>33» 
fh© data reported hem iiMa.l06t« that synthesis an«a 
aetlvity df suecinie deearboxylas® a®y he ..only partially 
fi®pejifieiit on tl» pH of tlae growth, media®, fh# f isaal pH 
leir@l0 of the g-lttoose tnd glycerol meSis wtre the saa© yet 
there is a marked dlffsrenoe In th® «eti¥iti«a of -.suceinie 
d®earboxyl©s© of the two tjpm of cells# It may b© that th® 
typ© oi siibstrate alt® d®te»ln«s the eaaym© activity of 
eell®, Variation In actlTity of %nzjm&s i# not llBitad to 
succinic dtearfeoxylast* D®carbosgrlatloa actl¥lty with 
pyruvet® aa€ lactate &s aubstrates is gr©e,t®r in laotate-
gTQwn a®lla than in glucose-growu cells., fhese , fladings , 
Inflloata that laetat® m&j.. be dlssimllat«i3 by a aieehanism 
lnT.ol¥iing »ueoiiiete in a alnor role aM pyruvate in a aiajor, 
rol® # 
m 
gmeclaie Deotrteoxylai# Aotlvlfcy taoag th« Bpmim 
In til® ppevi@UB ®xp®rlii©»t®|, tli® »aa# sf®ei®s of alcro-
d.rgmiftifflB Wft® ii©e4 bmt growth siatostrntea, &g# $lm gmwth pH 
wer$ v©plafel0®.# With the laet'thiee# ««atl9B«i fmotors eon-
gt«ttt, tiffersneei lii aotl-vlt^ of gweoinlo Secarboxflais® 
among th® »p«oi®s wmm d©t®ral»d# Otlls w«r# g3?owii for 
48 htomM at 50® 0# xmA@r mi&ro&empMliQ^ in gluoo®« 
brotli iaoeulat«d f roa stock eultmres earrl«i in glaeo®# 'ftgar 
oultu»t» Hesmlt® ar® shown in fafelt 3* 
TM pM •optimm for ittccini© iteartooxylai# was found to 
he pM ®8 r«p«>rt®^ by mriQUB lnv©#tlgators# Propioni* 
"bsctetJteB pentos»e#m« P» sheaaanll eni g@&g w«m u@««S 
In this fluttmlaatlen. fh® approfriat® C'oaoeatmitlons of 
&nMpab aM substrat© w®» deteralntd and iab®«Qm©at ©xperi-
»@ats wtr# eoadnstsd,using 40 mg* imt weight) of ©«ll» aati 
40 mieroaiolea of subatrat® CS®# Flg» S, 6, aadl 7}» 
Fraah wiiol® etll® w»r« utiliied alao# lyo^tiiliEatloii, 
drying ov#r pliotpliortt® peatoxldd to mmo», tnfi iic«tont • 
aryiag of oells aeitrojs a part or all of tli« giioelnle <1®* 
earboxjlas©* • fti« ®yit©a ltiirolv«d in f©r«iatl©ii of 
earbon dioxide frcan laetat© i« affected siallarly »XG#pt 
tbat in tim ©as# Qt drying over piiosphioru® p®ntoxi<S® th« 
aotlirity rmmlm htlgh# ' The Bnzfm% system eoae®ra@d in foxroa* 
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tlon of earbon dioxifi® fro® pyinavate Is affeeted oiily slight­
ly by th»s© ti»@atmeiit»» Heating to 100®C.:f5ar ten mirmt®& 
dtstpoy® smeciale i®©arboxyla®©# 
fabl# 3 
Aetiirity of stteolnlc d^carboxyl&s® in Bm&ml 
sp#ol@# of th@ gsatts Pyo.pioi!tit»et#i*im^ 
-A iofi'a' 
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lie^mt©..,.; "" Laetat# 
fEioFT jl m liWMIWllliiWIil—WW* fneor» 
?• fientosaesia F« mm s% f. 
F. I®tt0©ttii ft: mt&tso£l'% 
F*. z@ee 
£•• f lelii 1 
F. Bhemanii 
7.1 
4*0 
5.1 
7^.0 
3.2 
5#0 
S»4 
17*8 
10.0 
14.5 
17.S 
8*0 
12.S 
13.S 
7.4 
i.8 
4.i 
7.4-
11*3 
55.6 
45*6 
3S.8 
55#6 
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®Eaoli flask contained .40 mg. {w©t weigfat) of cells'* 0.25 
1 phospb-at® brnffer IpH 5.2), 40 mtolm of ®iibs.ti?at®,-
0#g al.« 61 HgSO^ C to rel«as« bouafl OOg at end of 
•i»»®etl0n), aM leainsi'ftlizti HgO t©-a total volm® of 
2.0 ml* fli# flask® wsr® flmah©d with Og-fy©® t.ank lo 
aM «qulllb»ted to- 50.4^,0. 
Activity of tb® d©earboj:yla®® within tb® species 1® not 
uniforiB a@spit® ccaffli0.a eultmyal ©nvlroimtnfc®# fh® i»e-lati¥«ly 
higher l0'«'#ls of deearboxylas© aeti¥ity with lactat# as ®ub-
strat© womW »«®a to indlcat® tb® oonstlttttlv® natur© of th® 
©aayaes »apon®ibl® - fop utilisation of laotat# Cand pyrwat®). 
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L#vlt<ia and (106) that '•all speeies of tij.® 
gtum® wh®a ©ulti¥st#sl uiia«r th« «aa® condition® will produce 
aetlir® itttoatsne#®, jet In dlff®g#jat quantities." 
Prop«rtl#« and SyatJietls of Smocljale Decarboxyiast 
•fli® aetlflti- of suo0lnie ieoarboxylas® dtaonttwited her® 
doe® not eoapfiW favo»fely with tla® activity reported toy 
Delwich# CS8}» Cell® (40 ag# w«t weight) grown In glucos# 
showed a rate of foMation of e®f»'bou dioxM® ©mounting to 
appTO3£l»at®ly 12S »ioi*olit©ys In SO alnw,t©8» D«lwlcli« a©hi®v-
««l s i?at® of format Ion ©qual to 180 slerollters in 60 ainutes 
using 3S »g# (wet weight) of e®ll«» ©©Iwlche luelud^d in th® 
i^eaetlon .aixtufs 0«01 molar^ italearbaiid® •'*a® a k«toii®-
tMpplag agent to ©limlnat® tli® posalMlity of tBvemion to 
pyrwat# in th® eatts of the <iie»,i»ljo.xylie aeia®"# fhls aMi-
tlon s©rf«« «s a p-i^emutlonary asasmre siiio®''^sepaimte 
®xpsfiM«ats 0iital>liBli«€ that tim of dtooaposltlon. of 
BtAoeimat®j| fiamrEt®, and malftt® pewain mneiianged mpon %h,0 
• acMltion of this inliiMtoi*^* Coiaptri^oB • of t)m activities 
of itoarfeoxylatioo laiig smooimt#,. pyravat®, and lactat# 
with «iid without semieartoaalie Is ohowii In fat)!'# 4 aiid 
Flgmp® 8, th# latter siiswliig the pvogmBB etirrei • without 
suffiioarbasid# ia tto® rsactlo-n 
7S 
Tttolt 4 
Efftet of senile®rijaEld® on foisaetloti of COg 
toj ?y0ploiill?»oterliai ESSSSSSSSI®' 
P. 
F. 
F. 
F. 
f. 
F. 
2SBl21£Sj5@ Si'iiygoSil 
3 eaaiull 
fyiucenralehli 5*0 
s f c i i r m n l f 5 » 4  
Total /tlsfles COg 
im©-' '"'"Stis-' "' 
olii# ein# 
stmic.. 
7#5 
4,8 
4,0 
8.8 
5*2 
7,1 
§.6 
5,7 
5,4 
5,0 
4.6 
4»6 
'tao'f •'tiBcf'T''' "PyTOvV ' 
seaie# ataiiCi 
7.4 
• S*8 
•4,5 
7,4 
11.5 
7.2 
5.8 
S»4 
6#7 
10.6 
13.5 
10»7 
7.5 
5.9 
^Eaofci flask-.eout®Ined ,40 ««, {w®t weight) of cells, 
. O.OgS M plaogplmte CpH 0.2 al*. 61 HgSO^ (to mle&Be 
COg mt esad'Of reaction)^ soS demla©rall,a«d HgO 
tO' total •¥olm© of 2«0 al« Tls® flasks -wei^ gasstQ, wittoi 
Og- f«« tank Ig and equllibrtted to 30.4^ G. 
%ot d@t@imiii@d# 
lo signifleant lidilbltlon ot foimation of earbon dloxM® 
fFOii succinate aM lactste oeeui»s with ®®Bi.icartoa«ld« piseent. 
l^oltition of ©ai»bon 6,loxM« from pyym&tm la Iniiltolted onl^r 
partially hj 0#01 solar ®effileai»l)«2id®« Separate ©xperlments 
li^ieatei that this •dancsntratioii of s®mle®pb«ld® ha® no 
©ffeet on th® to'mmtion of e®i»bon dl©xld« from fmmmte mnd 
malfit# at pH 5.2. 
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Sine# senile®rtofisId® yeporttdly {38) ties mp oxalac^feat© 
aiKl prewats Its <3#caylboxjlatlon to pfimvat:#. It »*j b® 
ftssna®# that avoltitioa fi»oim malate, f«aaMt© and sueclnat® 
in the pTOsenc© of semlesrMzld® oeeurs yla deoa^boxylatlon 
of succimfe##. Sine® appyoximstely th« a®» values ai»« ob-
telned wlthi and without. s.emiea/rbaElfi®, it may b® suggested 
fwtber that mii«3#r ®m«FOble eondltions at pH .5«g, utiliza­
tion of dleai'boxyile ®eld® t®ni,® to pTOc®®fl towmrd succlnet® 
and lt« deesyboxylatioiit fli« pmbmnce of sultebl® hydrogen 
&Qmm ana «n2y«©s liivol¥#6 in the transfer of hjArogen 
probably stlaulat©® the pTOdaetlon of #ia,eclnat«» 
Melomt® C0#3 aolar) we® »port®^ (SS) t© Inhibit form®.-, 
tlon of 0a:rbon dlojtli# fmm ©ucelaat® and to inhibit th® 
fomatlon of pTOplonat# fpoia pyni'vate to the sa«® extent# 
fhes# findings h&r& be«n verified, hef®. fh« «ff#et of In-
•©leasing • 0onc#iitratlda» of fflalomt® on fomatlon of oarbon 
d:loxld« • froB Stteelnat®, pyrwet® lactate Is shown In 
fabl® S* fh« gemwml oecui»f@ne® of aalonet® inhibition of 
th® foiaation of earbon dloxld® frcan attcelnat® and lectat© 
is shown in the rtsalts in fablt 6. • ' 
lalonat# affeets th© formation of ot.rbon aioxide from 
not'Only .sucelnate but also from pyruvat® anfl laetat©# With 
^Imetat® as the ettbst»t©, inhibition Is Jti®t as Intens® as 
when Stteoin&te is th® substrnte* Only partial inhibition 
7i 
of faimation of carbon, dioxide fi»c® pyra^at® occurs. Th® 
effect af aalonat® on succinic deoerboxjlas® he© been veri­
fied "by Sirotiii.k, Boltsch, lobineon and Shaw In their 
work, deearfeoiylatlQa of siiceinate was li3hibit®d 80-90 p©r 
cent by 0,5 aolar •maloaete usliog rwwen baoterlt. 
Tatole i 
Iff tot of aalomt® on foimatloa of CQo 
SttCciMt©, pyruvate and laafcat® fy 
Proi?ioaito»etgriiaa. peiat^gaeeim^ 
Molarity 
of 
maloisftt® 
^TMoTei" 
Smecinatf 
W 2 
I^etat® 
0 
0.0003 
0'»003 
0,03 
0,5 
7a 
6,7 
6.0 
4.1 
1.3 
IS* 5 
lg,8 
ll.S 
7.2 
4.7 
7.6 
7.3 
6.4 
5.6 
1.0 
Sa©la flask ooiitaliied 40 ®g« {w«t weight) of call®, 
0.2S S pliosphat® (pH 5.2), aubstret®# 
O.S ml» i%S04, {stopping r®ag«nt), 'inhibitor «oln®, 
aa lad. lea ted J ieminerallgeta HoO to tot«l volu®@ of 
2.0 'lal. Flasks w»r® gassed witb, O2* free taak Ig 
aa^ ©quilIterated to 30.4° 0* 
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Tatol® 6 
Sfftet; of 0»S 1 malonat® oa formation of GOg fi»oa 
sueclnat® and lactat® :by propionl.e acia "bacteria® 
total /u Moles COg 
Smcoin" 
at® 
'Sttccinat® 
iBialon&t® 
Eaolale lietat® 
' malonate 
Pt pento«a0#m 7,1 
4.0 
S,8 
4.8 
S«2 
5,0 
§•4 
1.3 
0.6 
0#S 
2*4 
0*3 
2.8 
1.5 
7.1 ^ 1...2 
F. J^nseaii 
F» pal'ir'ionii 
F. yae 
F, f'yeudtnge i ehi i 
5.8 
4.5 
7*4 
11.3 
0 
0 
1.1 
1.2 
%aeli flask contained 40 aig, {wet weight) of eells, 0.25 
K phosphate CpH S.2), '40 ^MoI&b ©ubstrates, 0.2 ml. 
61 HgSO^ {stopping r®ag®nt5,•inhibitor solmtion as in-
dltiafed.,' d®i»iii©i*aliz@fi HgOto total ¥01i3JB© of 2.0 ml. 
Flaslcs war® gass®a with Oo-fr©# tank % and «Quili-
hmt&'d to SO.4® C. 
%ot d«t®mined# 
Th© ralativalj high Goncentratlorn of »alonat® r®qmir©d 
for inhibition sv%g©st®a a salt ©ffeot. lecoraingly, the 
«ff©et of iiier®a.»lKig oonetntrations of godiaa chlorld® oa 
a©earboxylation aotiviti®® me d®terain«d. 0otto®iitr«.tions 
varyiB® from zero to thr®# molar failed to i^nhibit th® 
activity in th® sligtiteat. 
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At pH 7#4j, malonat® acts m &n inhibitor of tucolnic 
fishyfirogeaas# anfl famarle liydrog®nas® (100)• At a low pH 
C5#2) it acts a® an intotitoltor of succinic deesrboxylas®# 
Sine® Bsloaat® functions as a ccMp@t®tlve iahlbitor for the 
d«.liyd3P0g«mg®jj it may fmnctioii In'th# ®am® •mauntr with t®» 
gard to itteeiaie ^leearboxylas®* 
Fallttr# of esll® to ©xhlbit full ©uceiaie d-®ofi.rboxyla»« 
aotivlty STigg«®t#d th© possibility of the need for aome 
growth fsotor in'the synthesis of the tiixym®* Addition of 
0*00S moltr iaagii«ilii» ehlorlfla to ths a^dim Inereased 
«0tiirity only «llghtly» L«iriton and H&rgroire {10§) stet®fl 
that stroag .a«3?Rtioii lead® to destruetion of prefomed 
fltRmin*aotiv« sutostaae#!#. Althoiagh strong a#x»atiou was 
not uatd htr«, th® possibility of air affecting th® syn-
th«ils p^m&pts€ iatrofiuetion of 0#01 molar l-eysttine, m a 
ipedttelng «g«at, Intci the meaitm# lo laereisafi activity was 
iiot©<l as s ytswlt of this a<5ditim« Delwi-ch© (59) aiwl 
Ohamfe»i'S aM Delwioh® (28) i]airolve»9nt of 
biotla in th# fmictloniijg ot Sttcclni© • d®eftrboxylas#. In 
the pWQBent •studiei, growth of call® la blotln-fieficlant 
mtdla r#S'mlt«a .in f«dmo»d aotiflty of succinic a®eai*boxyla®® 
{a deor^iis® of &omm 80'per oent), but additloa of blotin to 
th© mmnomttfio inaction «ixtur®8 failed to »®to^ th® 
activity to its original l®v®l» Ihlttly (179) fouM that 
7i 
biotln Is not eonc®i»ii«d la th,# aetlvlty of suoelnle <a«©ar-
boxjlms® in o«ll»fy@® ®xtM.ct8 of Mioroooocui laotilTtious» 
•It vmf to® that biotia is essential for th® ®yiith®sis of th® 
mmjme Mther than for Its funetlon* M<31tion of hiotin to 
th® aomal ettlttti.% failed to »is® the level of 
Stteolnlc d«e»rhoxylat® In th4 etlls,. Ihitely' (179| included 
In-the growth m@dlim thlftmlii® rjp^ miiBmed salti# It imj b© 
that ohe-of these i« •tstntlal for tha synthesis of succinic 
a»o«'i»boxy !«.««• 
fwatment of sells following growth m%j liaflu@n,c« ©naym® 
iioti¥ity* 0#11® rnQm «f»®h«d m a romtiu® proeedwre in lo® 
cold €@alri«i*®ll2®d wster in an ie«d Waring hlendof, Suhstitu-
tlon of,thi8 a®thod by on® msiag agltmtion with « stirring 
rod and hy a »«^o<3 of .shaking ©#11 »tt®.p(snilons in a stopper-
•®<1 ¥e©8@l fail#d to laprow actlirlties* -Maition of 
l»oy®t«in« to th© wash wat®r lner®as«i actlvltlss- only 
slightly. 
fht report of whlt@ly (179) elarlflsd oonsiatnably th© 
n®«a for mgnesim ions aal l-»cyst®liie la th# preparation of 
fi,n act if® sucoialo diearbo:KylR0«. The enzyme was stmiaied in 
a c@ll-fr®6 ©jctMot of Mlorooooows lftctilyticu8« In attempt 
was mad® h»re to 8«cur® a e«ll-fre® «xtract of Propioni* 
haoterlm eentoaaoata possessing an actlir® emeclnle aeear-
boxyltts®* Prs'Tloms to the-appearanc® of th® *hlt®ly r®-
80 
pOjrt.i, were prepaid toy soul© trefitasnt 
of eella $mwn In gliieois* fh® aetivlty wa® very weak ai«l 
mj b«' partially toy th« eultural sonaitions in 
wJalcIi th..© etxl® wsr# grown# Indfclier factor Inirolwd it the 
a«gr®# of ai#liit«grt,tioii of cells by sonic treat-
neat# lo«» activity wm fornix in the cell a«bris rtsmltin® 
fr« soaie ilsint@g»tion tla» in th© suptroatimt, s-oggestlng 
either that the disiategration was only partially effectiv® 
or that th# Bmjm& 1® asaoclatsd with partleulat® mttcr of 
th® e®ll aui th®»fore la sediii®iit®6 froii th® tr®et©^S sms-
pensioa hy ©©ntrifogatlon* Ihitaly (l?i) reported th© 
tusya© to b« soluble in aatur®. Subsequent studies with 
mnother ®nzym© •sy»t®m revtalsd m preparative ttshnical ©rror 
Im sonio tr«®ta®at which caused th@ orlglml f®llur®8 in 
prtp&Mtion of a e®ll»fre© ©Ktraet# Modification® in sonio 
tr@sta®st w#r©' applied to later eell»fr®® prtpa rat ions with 
greater saao®ss* Variable resmlts were obtftined usiug th© 
al«ailm«grlnding t®ehale of ilcllwmia {110}# 
Ift later stuaieai,. th© stooSc cultmr# was e«,rri#d in 
laotst® »®diwBi, In Boat^Bt to earlier stoek cttltmres which 
were sarrled in gltieos®# Srowth for SS hours iti glueosa 
after an ©xtend;®^ period of cultivation la laotats apparent­
ly is insuffieieiit to rtstor© th© mctlirity of sueeiale 
d0Qarb©xyla»« to th® cells# Th© yl®l'd of ©«11® fro« growth 
8.1 
in gluoos.0 is approxlastely th.® same as tliat in the' p3:»©¥lo'ua'-
Ij reported growth ®xp®-rl»®ntS| but th® l©v®l of axmainlc 
d®eai?boxyl«8« activity is as low &m the,t In eslls grown in 
laotat®# Mo attempt was made to Inopeas® the levtl of 
aotlflty of smeclnic d®oai*boxyla,s® by e®rlal trs^nifers in -
* 
glueoa®* 0«ll-fr®0 extracts htf&'the ®am0 low le^el of . 
ftot.lvlty of the pTOviously prepared extracts# Addition of 
th© faetori reported essential for decarboxylation of 
suecli»t© by c©ll-fr«® ©jctracta of Mlorocoooms lactilyticu® 
(179) failed to stlaulat® th® txtraoti pr@par®fl from low-
aetiifity e«lls of Propionibastftritiia pentoaace^a* As Inflicat'-
•&A by Wilt#ly (179), flmorW® Is required to demonstrate the 
full aotlvlty of suoclnio deoarboxylits# sine® adenosine 
tripho®phata@®, present In th« cell-fre# extracts, 
d®pho®phoryl«tes adenosine triphosphate so thst It cannot 
function in the phoaphorylatlon of ®ueclnat®, a step 
®ss®ntlftl to aubs®qm®nt <a©o.arboxylatlon# Oonetlvably,. them, 
the rtsmlts reported h«r® nay b© dtt® to th© activity of th« 
a,d«noaln« trlphosphat®®® present In th« ©xtraet. 
Suceinis D«hyirog«ims# aM the Bisarboxyllo Acid Gycl® 
Th« mod# of utilisation of sucolnst® by the propionic 
®oM bacteria apparently 1® pH-a-@p®nid©nt• Th« ocomrrenc® 
as 
and optiam fuBcfeloniiag of siacclnlc deearboxylas® at tli® 
%m%r pfi l#wls s\«g®sttd eonsldtratlDn of tla« mod# of 
utillisatlan of sucelnat® at tb® higher pH levels# 
Thwa%®m »®tli|'lene tolu® t«Q'!iiiles w«r© u#®<i in th# 
etiidy of dehydrogtima-fi activities of th® ©ells and ©xtracts 
at ¥ari©ms pH l^^als. In wfaol# oells, the pB optiaim for 
d#hy<Srog®iii.tloii oecmrs at pH 6«4# la eell-fr^# extimots, 
pTOpartil hf sonle disraptlon of c«ll». It was fo\md tfeat 
th© optlHwa oecmrs at pH '?»4# lalatt tmj b® ithydrogenatea 
optiamlly at pi ?#4 mslag th# extract eo<5 st pB 6#6 usirag 
whols e®llii» With end 0xala0®ttt® as euhstmtBBp 
the f«t®® of i?«<Suctioii of methylea® blu® &.m much lower# In 
some Imtmmmup no rtiaetlon mm obstT^e# 0¥«r n period of 
hours• 
It womM «#«« tkftt succimt© i® mtllised by oxidativ® 
proeesses at this higher pH levels aufi by decarboxylation 
a®chaniiia« at th« lower pil 1»¥@1@# 
tuast®! ana Wh#th®« (127), using whQl% e«lls of Bacteritain 
eoli» foiiafl th® pi oftiaaai for sueeiale d«liyirogenss© to b® 
7#4# Vwrnrntm was showB to iiislbit tM reduotlon. of metiiy* 
l®n« blmt by 8ucelmt«# fh« r«¥®r@« reaction, 
l««.O0-l@tliylem blue 4- Fiime^at® s Ittbylen# blu®, 
was shown to b®. op©r«tlf©» Smeclmt® wss not d®ttrained# 
In t,lj® present report, slallar &-^Mmce wa® obtftined 
for th& propioni© aold bsot®rls» fhe fmetioalng of an 
8S 
enzfsm 8yst#a mm verified by allowiag a mixtum of c®ll-
ft@e extract, smoeimte tad mttlayltn® blu® to reaot to fcli© 
point of oampltte reduction of xmthjl%m blue, heating of 
th«' alxtur® t®_100'® 0* for ten minutes Cgtntly releasing th® 
grdiana gl®s® sideara t© ©qualiz® prtssures during heating), 
ani addition of fuMirste to th® ®lxtiiE® after it had oooXed 
to, teBt t®ap®r«t«M, lo i»#gtoration of th® methylene blue 
©olor was obtnlntd# ^ Ilk® ®xp©riii®nt without th@ he®ting of 
the ireaetlon mlxtiir© showed oxidation of Xeueo-aethylen© to 
methylon® blue# fhe two ©jLperlments indicate th© transfer of 
hydrogens fr<» l#uco»ittethyl®G® blue to tmmmte by an 
Bnzjmm ayat#m« Slallarly, reduction of »®thyl©ii® blue by 
smeclmt# In th® pr®s.®ne« of h#at-treats<a extract failed to 
ooeur# indieating inirolvement of an tnaym© system# 
Malysl® of th© etll-fre® extract against demlneralizsd 
water and phosphat® buffer (0«1 aolar, pH S*4 and 7«4) doe® 
not dtoptas© th® aotiirlty of iuocinlc d®hydpog©na,s® signlfl-
oantly# Smeolnlc dehydrogtms© of ?eilloaellfe mMomnm Ig 
inhlbittd by 0,2 aolar malonat® CSO), as shown In ©xperi-
®©nti uiing whol« e«ll» st a pH of 7«0# lo suecess in 
fl«eurlng m e#ll-fr©e prep«»tion wa« walised* It was found. 
h«r© that guecin.i6 dehydrogenase In o«ll-fr®® extracts of 
Pyopionlbaoterltai p®ntosae©taa it inhibited strongly by 0,02 
aolar walonat®# Flmorid® do©» not liflilbit th® enzyme in 
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Baetsrlna eoll (1^)« Sljalls? results mem obtalnad 
using ©«ll-fr©# «xtMot8 of Propioatbaetepim BSSSSSSSSS* 
The other dlearboxjlle aeifls Inhibit siioolnle d«hfiJrog®n.-
ass as follows! 
Oxalaettat# »-Ptmai«t® > Malrnt®, 
Oxalacetftt® Inliiblt^ as strongly 60 selonat®# P«»«,pata and 
oalat® haf« only ®. sltght inhibits^' ®ff®©t on the #azja®, 
ICrebs and Igglsston (98) dsmoastretsd that th® propion­
ic sold bacteria readily rsfiue® oxalaoetat® to aaltt®, 
f\aaere.te and smceinat© at pH 7#0« Oxalasetate and f\iiitt»,te 
were csitegorlztd as eatalysts in.the proc®s®» In th® 
present study, whol® cells.of P» pentoaaotim mem shewn to 
^at i li.E© lactate and pyna¥at« with th« fOBfiatioii' of qqusXAbt-
«bl« amomnts of 'Cmrbon dioxld® of«r e broad re.ng« of pi# 
At pH 7»4, th® <5iearfeoxyllc aclis .art utiliied with the 
fom&tion of only Biaall amount® of Qerbon dioxid#* OM.lae©-
tat© is deearboxylftt®^ rather rmpldly, at.inly by non-. 
«n»ymetio laechanlfais# Oell-f.r«® txtMSts bshaw In muoh th« 
saa© way ea whol# e«ll® with dloarboxylic ©cid® as s.ttb®t»t@®* 
Sine® th© ttmomt of oarbon dioxli® fo^raed ia so 8it®ll, it 
wm felt' that postlbly th© ©qalllbrim among the aiearboxy-
lic moid® is funetional bmt not dotectabl®. toy th© usual 
.maaoiB#trle procedures# Aooorflingly, th® ®ff®et of G®11» 
fre© extract®, on the mrious dlcarboxylic aoids w«® d®-
8S 
termlmd ehromatographleally# laiults shown In fabXe 7» 
Sines® til© <3®hydrog@iias#s w@m shown to function optimally 
at p.H 7.4, tla« -pdaotlQus w©« ' carrieci out at that pH» fJa.@ 
result! Indleste th# oocu]pr#nc® of th@ ©quilitorly®' system 
la th« 0«ll-fr®® ©xtract# Laotat# was imluded as a poasibl® 
hydrogen somrcie wMeti -ml^t further the rediaetlon'of oxal-
8,e#tat© t:ftd fmaarat® to sueclimt®# 
Wltla mg&rA to utilization of oxalacetate, Krebi (95) 
propo8©d the oecmrrtno# and funetioalag of tia® equilibrium 
betweea iiearboxyllcs aei<Js la Baotftrltaa coll# In th© 
syst#M, half of tb® oxalacfitate is traaafor««d Into 
suocl».t@,and the other half int® varlstts oxMlsed pra<9.uots# 
The amount of oarboa dioxid® tom@& la the st^aias report©# 
hew would ta&lmte that, the reaction ,do®s not prooeed to 
the 88ms extent la eell-fr®# ©xtraots#, How#f©r, the foiraa-
tlon. ot flueolimt# wauM stem to lodleate tb# r®iuotlon of 
Bome of th© oxal»oetet® to su^cinat® tnfl formation of pyru-
•?at« which aftf- "b® r«dme«a to l6et«t«« Pomstion of 
succinate is impendent m th® prese-no® of a »ialt«.bl« fionor 
of hydrogen, &s evld©ne»d t>j fo.3matlo,a of aueeinate froa 
oxalacttate onlj In tb,® pmumnm af laetat©# ^ Oti th® basl® 
of the small amounta of ea.r'bon dioxld® and other diearboxy-
11c acids formed.. It may b© that the tquilllbrlam doss not 
fuastlOB ©ptlmlly at higher pH It^els in the dirtctlon of 
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Tatol# •? 
Pomatloa of organic acids by esll-fr®® ©xtimots 
of PreploiRltoaeterlmn penteosaceiM* 
Smbsti-atft® Cftfboa dioxM® Adds dl®t©©t«d 
ehpoaatogyaphleally 
Lectat® 
Lactat# 
Oxalssettfc# 
Oxalac#feat® 
Iiaetat© 
¥xms.mt9 
LftOtttt 
fclafc® 
lalate 
0 
la 
2*0  
2.6 
2,0 
2.2 
3.5 
L®otfitej Fi»amte 
ana lalat® Ctmets) 
PyrOTate, Siioclmt®, 
Lactate 
PyruTst®, lalat# 
Pjmwete, Lftctste, 
Maltttj Sueoinat® 
Melat© and Pttmarat© 
Pffuvate, lactate, 
llftlat®, Suoolnate ' 
Ffrwat#, Malete, 
Ptmarat©, Sucelnat# 
®:B&ch flask ©ontalnecS e®ll-fi»## extwiet <0.6 »g. 
PROTTLN), 40AMO1®S SM'BSTTOT®, 0,25 M (pi 7»4}, 
0.2 al» 61 IgSO^ '{add®*! end of ytactlon to 
r©l«as@ bountd CQ2, ftn<3^ d,eialiiepflll 2®d HgO to total 
voliiffl® 0f 2..0 »1# Flasks w«r« gm»mA with Og» f»« 
tank Ig and oqullifeMtsd to 30.4® C» 
87 
s'ueelmat®# for donow 'of hydrogen (or aGceptops) 
to fsollltate torm&tion of the diceyboixjllc acidi. Is Indicat­
ed# 
A mom- d#t«il«d s.tudf of th« i*@fiction "betwean ox®lace-
tat© anfl laetet® was aad©* Btiialts are'sJaown !»• Tabl® 8» 
It would that laots.t@ retards fo»Rtion. of carfeon diox­
ide from oMlae«t«t0^ possibly, hj mdu^tlon of oxelecetat® to 
malat©#. The le'fftls of pyfuvete foraied in th© pjposanco of 
Isctate art fftr in txeess of tho.st foiwefi In. tii@, etjt.ene® of 
laetat®, Indleating-.that not only oxalaoete.t© bttt also 
laotat®, is utilized, with the fofmation of pyruvate* Lsetat# 
alott'® is not utili2««i wltla the fometion of pyruvate* 
la s'mmB.vft th# proplonie eoia, bfeoteyia exhibit vari­
ous emynrntiQ pFop®rtl®B wMeh aire aepandent mpon th« con(3i-
tions of growth an-d emltivation#. Cells grown in glttoose 
sisdlua contain en active suoclnie dtearboxflas#, sucolriio 
fie,hydx»og«»«,86 mnd other enisymes* By contrast, th« decsyboxy-
la«e operate.® optimally at pH 5*g, wia«f®as the dehydrogenase 
functions ©.ptlaally at pH 7,4# fhe pr^cen.©© of an enzjm® 
ajatmm a«ilttl*ig tha ©qiiill'br'lm hetw&en the filoar'fooxyll0 
aeida 1B indle»t®€» Cells grown. In laet«te laeditra exhibit 
low activities of auocinic fiecar'boxylas# but the same level 
of activity of the dehyfirogamsts m ia glueosa-grown c®lls« 
Cell-fr©@ «xtra#ts of both Isetat©- and gltioofie-grown. ©ells 
88 
show Im auoelnie, d«eai»boxylas« activities bat sueclnlo 
dthydrogeiMi®© end tlie mnzymm r©spon®ibl# .for tli® ©qullito-
i-itM l>®tw®6ii dlearbox.fllc aeids ar© reafillj d@tect«a« 
Table 8 
Utlliaation of oxalaoetat® aad lactate otll'-fr®© 
©xtmcts of f rmtoaibgtcteyIMI pentoMe®®® 
•i>TliBilii|.l»milWl>l»il»iiirrri|MI».»llW«*Wi»t»ii.i>MUBIMimi*IIWIUiliWI«>WWIIWi^  ijlinili irilltMillWW'UlUltHillli .l.imi >1 IllllillllWiillll 
Subatrates OOgt Lactate 
mtillat# 
Pjrwat®^ Suoclnat#^ 
Laotftt® 0 0*1 oa 0 
Oxalacetst® T»1 » c 7.S 0,1 
Lactet® 
Oxalaostat© IS ,4 1S.7 SS.O 4,0 
Lactate 
Oxala0@tfit« 
{Control) 
7,7 0 7»6 0 
®laeh flask eontained on® ml* edll^fr®# extract (0*6 
«§• -20/* 8ubstM.t@, 0#25 1 CpH 7»4), 0#g 
b1. 61 HgSO^ (added at ©ad of reaction to r®l@as® 
bound QOg), mad d®»ln@mliTOd HgO to total volxme of 
2.0 al.» Flasks wem gmmd with 02* trm tank Ig, 
and eqmllllspatsd to S0»4® 0. 
'^'alues shown mm In terais of /oM qI&b, 
®Not detemlned. 
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fh© rel&tiirtXj- low activity of suoclnlo aeoarboxylas® 
in otlls growm in laotate is of partlcal&i:* interest • sine® th© 
0iizym© irepoi'tedli' Is the tialu patiiwaj to tb« forsiatiow of 
proplQjmt®, on® of th® products of the propionic -Rcld f©m®n-
tstion# fla® mod® of fomatloii of pmpiQmte from lacteta 
tla©r©fo3?t I3®eom0s l8ipo«»teot slnoe cella g3?own in laetat® a« 
oapsble of mvTjiim nowttl propionie fenBsntstlon of 
lactate* 
Ufcllizatloii .of lActet® end Pyruir.&te 
Ctlls $mwa on. laetate utili£® laot.at© with th® fomatlon 
of tjpieml px»o6ucts of the propionle sold fementation with» 
out sigBlf leaat pa3?tlclp6tio]Q of suoclnic deoarboxi-lase. 
I.3a¥estlgt.tlo.n of th® dlssiailation of l®et.ete was carried, 
omt to elucldat® tli® aiechaiilgms involved. Th® structural 
»im.ilftrltj. of Itotfifct to pyruvate warranted, papallel studies 
of the two compouiifi.s» 
Effect of pH an. foMatioa of oartjOB dioxide froat lactat© and 
M. pH »Bg# of 5.»0*7,8 W8S seleotei# Results ar# shown 
.in Fig* 9 and Tfilsl® 9» On th© besia of ret© of •formation 
of mi^on iioxiti®!, th# pH optimum with lactate a® ®mb»trat® 
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fabl® 9 
pH Optioa for f0'i»atl0n of GOg from pyrttvat® and lactat®® 
Maxlmua rat® Total OO2 
Le.otat® 6.S 5,2 
Pyruvate 6,2 5,2 
®l®cfet flmS'k'contained 0#1 M piiosplaafc# (epproprlat© pi), 
• 87 mi$» cells Cw«t weight), 96 ^lol«» substMte, 2 ml* 
SI H2S0^ (afified at appropriate tlm® to stop reaction 
tttfl release toottad d-emlnerfiliztd HgQi tjo total 
volm® of 50#0 ml. Flasks w«r« gassed -with Og- fr#e 
t»3ak Ig ana ©qttllibMted to 30*4® G# 
Is 6.4, wlier«-#.s with, pyruvet# as smbstret# tli® optimm 
is 6.8. Barroia ana Miller Cll), In studi®® asing gonoococcl, 
fotiM pH optlatiB difference! in th,« aerobic wtillEatlon of 
pyruvatt and lactat®. For pyruva,t® th.® optima® was found 
to b« 7.0 in ©ontrsist to 6,7 for Itctat## On th® b®®iB of 
total f ©matIon of carbon dioxid.®, th® pH Qptlmvm founfl h#rt 
is 5,2 la both Instenets. T'hes© findln^i s'oggest InTol^®-
aent of a rftte-coatrolling rtftctlon which functions optlmlly 
at pH 6,4 (whole o#ll®) In th® case of lactate and which Is 
not Involved in tha utilisation of pyru¥8t#4 
fl 
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•Th# tffeet of pH oia relative jwomts of mmfhm Qloxia® 
pT06.vi.m& and tht aaoant of iubgtrat# atlllatd was investi­
gated* thwe dlstiaot pi levels (6«E, S.4, ?•©) wtr® eeleet-
ed for stiidj» On tb® toesis of tspaimt# «xp«-fl»#nt®, eoii-
etatratioiM. of l>tiff«i» wmm usM so that th# final pH •r«fflalii-
afl th® 8®»® a® the InitiRl pH# f®«ts for ?t«iaiial lactate 
Indtoeted tbe atost.ne© of lactat® la'^lBSlallationss of •lbQt]h 
pyruvst© aiafl lact«,t«»' l«s«lts aM^-Bhowa la fafel® 10# 
fmmme-Qf resiimal'pyrwat# laaie»tt« tliat pymvat® 
Is'mtllistfi'l®®® €soapl®t#ly than laatat® aM^tliat pyravat® • 
monm liit@B»»di«t© in tbs 'Bitillgatloii of laotat©» 
Volatile aeldt M.m fo»®«l'-itt/tfae fiieslmilatloii of both 
pyrmvato and lastat®. 
Poiwatioa of carbon dloxM® f yoM laotat® was investi­
gated' at pi 6«,4^ th® pH optiattm for maxiaua rat# of fowii.-
tioii^ Ib, aim®]pobie •utilisation of lftcta,t® by dritfi o-®lls 
of Propionifeaoteriiaa pentosacem. oa« mole of ctrlson dl©3clde 
is evolvtd for every thy®# »ol@s of laetat® utilised# U»a@r 
iimilaf ®.i5^©ria®ntal ooaditions, two^mol®® of oarfeoa diojEid® 
art tovmA fpoa ©veiy thp©# ®olss of pyt'uvat# mtlliE«<3.# 
0®iiig wlatively largt mmounts.of pells CSO ag»),-. oom-
pariaon'of fo'iwetioii of oarboa fiioxia© from lactate ©.M 
pymvat© was made# lesmlta B.m Mhown in Fig# 10» lo t®»ts 
for r«sl<lua.l pyruvate w©r© run,# Staptiiig ftraomnt® of ®ub-
strete w«i?# 40 ®lero»ol«8« 
is 
ftblt 10 
of pi ©« tttillgatioa of luctate pypOTat®® 
fixSl OOg" Pyrsa¥»tii^ fol# •©.eld®® 
.I»®ctat® ' g.20 .5 #2,4 g9*2 2.? 91 »0 
6,51 i.49 g6,8 4*1 84 •O' 
7 ^ m  ?.48 gl»6 9*1 78.0 
PyrOTttt® 5 #20' §•21 50.5 2^4 74 #3-
.6.S1 6.S5 48«1 4 0B 70,0 
7#S5 7,B1 • 46.1 7.1 6i«0 
• .lach flatk ©oiitftimed 0»1 1 ptiosptiat® Ceppropriat-® pH), 
W7 mg» o«ll« Cw®t^ weight), 96 ASO1«® subs%3?&t®, g, ml» 
31 HgS04 Cadied at mA of rtactloa to r©l#e»« bo«i»a 
eO-g), d®iaia«mlized' H2O to total "volvme of SO.O ml» 
laoli flask was gaastd wltli Og- fi»#® tank S« aad 
tqmlllbf^tefi to S0»4® C# 
•%& tems-of ^lolt® 
®In, fc#rms of /tequlval^nt® 
A lag period 1® ludlcstta in the ciarv® for forsatlon of 
carfeOB iloxM® tmm la©t»t«, tuggettlng a ps»ellmim^- aodlfl-
emtlon of th© lactate aoleeml« ibefor® ieeai^boxyletiOR. 
llMlmry d#iiyai'Og«netloii of the m.ol#0til« Is InilcatM. bj th® 
oha'ng© In ©erbon dloxlde-to-oxygen TOtlos with progress of 
the react Ion imder aerobic eorsditlQiifi (Fig, • 11), I'itli 
lactat# m tii® gab8t»t®, tli« Mtlcs is very imall, suggest-
m 
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T®bl« 11 
Effect of imco©®si¥« additions ©f laetat© oa fowBatlon 
of 0Og by • ProploQlbeeteyltm pentoaacetm^ 
Iiactat© add 
first m-a'di'isi®'!! • 
#d C'^moles) 
g«fea"adaii'i;on 
Total GOg 
UmQlm) 
10 • 0 2#4 
10 10 sa 
20 0 sa 
20 10 7,6 
20 20 10*9 
®laeh flask contalatfl 1 al# 0#1 M phoapiiate.#, {pi 6»4), 
substs»ate, a# • Indicated, 4 sig» eellsi Itfry w#lght), 
0*2 ffil» 61 HgS04 (ad-fied at itppropflate tlai» t.©,i»@l©ast 
bound COg) ftioa dealntmllzdd HgO to- a total of ml# 
Flasks w®r@ ga®s«a with Og-frt# taiak Ig and ©qulll-
bratei to 30»4® 
same fifidltlv® pattern of-f oCTation of .earboa dioxM© but #ach 
addition yieldtfa the full S#5 mlero»ol®s df earboa dloxifi®* 
Thl® finding ftgaln points up th# on© of many poisibl® soui«c®s 
of iivailtblt results »poi»t©a la th© reftwnses ©oaesraei 
with, th« proplonie acsid fermentation# 
fh® -®ff«et' of eonoentratlon. ©f subst»t« on foiwation of 
carbon' dloxid® -W-R® fl®t©rmlnjei» fha mtes of eirolution mm 
approxlaately the saa©# Only' th® total ^alaea dlffewd* 
l®sults iiiN® shown -la Table 12» 
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Ig 
of mrlomi concentsrmfclans of laetat© on for®«tlOB 
. of COg fTopionlhmterlvm peatoaaeguaft 
Lectat® Total GOg Rut® of foi«»tloii 
iMMolml , ^ (itiBoleB) Ctt^llttWs.Q.«.te*J 
10 3,7 -6-4 
to 7.1 77 
40 16,7 S3 
60 24.7 96 
80 50,0 77 
100 3S.5 77 
5 1»S 
2.S 1.0 IS 
g.G 1.0 • 1& 
laeli flask eotttalnefi 4 rag, (dry weight) of ,0«11©,- 0«l 
M pliosphat# ipfl' i#4)g 8ubet3mt0 as Indieated, 0*2 al, 
SI HgSO^ Cadd«<3 at ©nd of taction to- rel«as# tooiaM 
OOg), .ftM fi-ealntraliMd HgO to total voltaa© of 2#S »!• 
Flasks mem flu-sh®a with Og- fr«@ taak I© and «qulll« 
hmtm to 0» 
PomatlOBi of mv'bQn aioxM® mmu affeeted hf the tas® of 
•^©ronal as a buffer Instead of phosphate* a®er@a«©® 
the rat® -of ev0lttti©ii of earhon «Sloxlde fro« lucjtat® hut the 
tot-al taomt of cerhoa dloxld# farmed was gi»e«t#r in irtronal 
than In phoaphat® CTabl# IS). A typical ©IgmaM eurv« for 
fo-wation of -earbon'dloxld® was ©xhihltefi In phosphat#* In 
ireroiml, th« plot of formetlon of earhon aioxM® i» a straight 
litt©» In eith®r b\jff«r, pyrufmt© osomrs as an lnteim®aiat@» 
99 
Tabl® IS 
Iffeet of phosphate and veronal on forsation of CO2 tvm. 
lactftt® hy PgopionihactagloM pentosaceiai®-
xc Lltey® GOi? 
yiril 
Phosphat® 121 270 
f©ponftl 49 ' 291 
®Kaeh flmak eontalntd 4 mg% id.rf w#lght) of o©ll®, 1 ml# 
hmffep tts lndl0at©<3j, 40 >e.l©l®® substrat©, 0*3 ml. 
61 HgSO^ (added at ®nd of rsactlon to »l«m®@ botaM 
GOg),. ana dealnerftliised HoO to total voloait of 2*3 al. 
Flasks wm flushed with Og- tmm tank 1© ©.nd equili­
brated to S0*4^ G« 
Th@ formation of Cfti*bon dloxM© tvom pyruvate is th© sam© 
in ®ith®3? biiffer# 
fh« total amount of 0arbon dioxld0 fom«<3. frcai pyruvate 
under aeroble ooniltloiifi is approsclaately the san®, as waa 
reported by Froamgeot tnd Chaix (65)* Utilization of 
lactat© under eerobie conditionfi yieMs oferbon dioxide in 
an ftfflount twio® that produced, under anaerobie conditions ana 
appro*i»»t©ly equivalent to th»t produced from pyruvate under 
iRnaerobie conditioaa* Oook and Stephenson (S5) in studis® 
Baeteriua soli and B. aliE&ligenei d«monstrat©d that 
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e«pl«fe© a©POble utllitetlon of la ©tats requires about two-
tlilrds tii® aaount of oxygen i?«quli*«d. for •©ompldt# oxMafclon, 
®ugg«itlsig f0»a.tloi4 of lnec«pl®tel|* oxl<lif«d sttbstinc®®* 
fli© pS optlm«» wts foanfl to to® hmtw&en 6 a»«i ?# In stuai#® 
oa fell© progrei® of dlsaiailation of laetat® and pyrwafe®^ the 
iMtatttamottS. and impid mptak® of mjgmn by etlls In th® 
p3*eg®iK!e of lactafc# wri very evident (Fig* IE). Tb®' only 
appftftjat Alffw&nm in utlll2«tloia of pyruvate &nd lactat# 
seem® to h® la the pr#llialna*^ modlfioatloa of tli® lactat® 
mDleeult btfar® fcsBiation of earfeon dloxld®# A® Is Indicated 
in Pig# 12, the pi?#lialn«.i^ ».odif leation is one of oxidation 
of til® laetat® Mol@eule or- ioas related r®a©tioa# fh« 
prt'Btnee of two hyfirogeM oa leetet© ©ad not ob pyruvate 
also mod if its the, s-atios of •p.poSuets fom®a from pyruvate in 
contmBt to Ifcctat®# 
Osiug a small qttaatity of cell®, tli« lag iti foimation 
•of carbo^n iioxid® fro® Itctit® toeeomes apparent*• Inv®-stiga* 
tion of the dissimllatioii of l&otate and pyrmvat© at pi 6*4 
wa® e.®.rri«<a omt mlng tin© study analysts of aaplicet® re­
action mliEtw@@» It was noted that f-owatiOB of eafbon 
<5ioxi6@ fTOia pyruvet® o^ocurs at a I'Ower mtm at pi 6»4 tfe®.n 
at pH e«g:, the optimum pE* Hesults of ®xp©rlm«at# uaiiag 
40 ag# wtight) of e#ll8 ei»@ ihown in fig-» 1S« Enuring 
tli® lag perioa in f^oraetion of carb^on dioxie# (periad (»)), 
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tpaees of pyrwftt® and proplooafe® &m foi?»«d» In the period 
of imximm. rat# of foimatioa af eai»b©a AloxMm CCfe) in Pig.» 
13), ®11 0oapott]^i- test ©a for w#r® d«t®et«d« An miilcl®n.t!ifled 
ktto^fflmpoaiia la fcP«o© aaomnts wa® deteettd auring this 
perloa. Ita phenylhydrawna hw an Rj. v^lua of approxlmtely 
0#95.» fbe rep'ort !>y OafsoB, Kmna# .Bae,lmaiia an«s tong (1^) 
of th« • f indiisg of an mxilfientif i#d lateswedlmt® betw«®ii 
pji»uir.Rt0 find, propionat# Is of interest • iti tMs re8p©ot.» 
Followiag fo»«tlon of mrhon &laxMe, only propioiiftt# aadi. 
acetate &m d®t®etabl«« Th.« lattsp finding contraat© witli 
tliat i»®poi»t®a ©arliti"# In. th@ p«s©0iit onlf 40 ®g» 
of dfi®*! etlls aod fO i!iiei?o«ol®s of smfeatptte w%m utilized 
wlier@ei, is tb.e .earliei* work, §6 aieromoles 0f substrate 
and 87 rag* of fresh wMol® etlls w®r® used* SuMtrat© utill-
•zation was incomplet®, gis shewn .fey yesidml pyruTat® .aM tjy , 
earboa Ml«nc®».» la tfee ®Epei-l®.©at8 mpoTt@d foisaa-
tioa of Carlson dioxid© i® appTOxinately 100 per eent ©f 
tlieo:p@tlealt .s-taggsitiog ooiapl«t« mtilisatloa of sttbitrat®# 
fh.® omuwrenm of pymmt® sjia proploaat# befor® sig--
»if leant aa^Mitis of oartoon dloxlia ar« fd»®<S Cfabl# 14) 
siigg,©8t:i oeeurwao# of a reaotion {not deeaytooxylatlon) 
yielding pymvat® ew3. proploirmt®, p^Thmps a' eis«titatlou» 
Acti"f® partieip-atioa and poB®ibl« pi^ctiraoi? pol© of pyruTate 
in the fowatioa of earfeon dioxiele ie IMieated toy tli® 
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QQmpmm&.B fommA in the dlsslmllatloa of pyxnavst© aM 
Iftotat© hj fgoploalMoterlim p@iife08a0@m'^ 
Table 14 
Laetatea 
a ti . • e 
Pjrm^at® 
Lactate + 
•propionate # 
Icetat® 
Carbon efloxld# •m 
4.0 
+ 
+ 
+ + 
+ 
PyruTate 
a""" ' "' Q 
+ -t- -
# # • 
"I" + 
+ + 
4- •-
+  
-J-
®B®o.h flask eontalnei 40 ag* {dry weight) of etll®, 20 
^Molet ®ut)8t3?ftt©., 0»1 aolar phosphat® (pH S®4),, 
0#g ml» 31 HgSOj. {sdd#d mt appropriate tim® to stop 
reaction and rel«as© feounfl- C5g),'«ni <le®ln®ralig«d'' 
HgO to total of 2»3 ml. Flasks W#TO flw.®li#d with 
02'-f2^© t-ttok Mg and eqtt.ilIferateel to S0-.4® G# Samples 
w©r® 6®prot@liiiw<l» mad® up to apnroprlat© fdlwm© and 
aliquot® taken for enalys®® toy ciiro'mstog»phy, 
®Present 
®Ab@®iit 
X05 
slfflmltaneous itosenc# 0f o&rbon dioxti«« 
In eonnsotiou witb tli@ ocottrr«»c® of pmplomte without 
fowiatiott of emrhon dioxi<3@, tl» report of Eelwieh® (58) li 
of interest# At pB 6*76, an aliquot of a gl-acos® f©menta­
tion ffit<3iiit't4 'toy Propioaibaoteritaa pdntosaooiaa shewed the 
ocGurrtnce of appreeiabl® amounts of propionate# Suecinie 
fleoarboxjlftse, wlieii present, f met ions ©lily to a slight 
d®gr®# at tMs pi end it mmj be assmefl tli«t a seooud reaction 
leading to .the foraation of propidnut# oecurs# 
With pyruvit© as smbstrat# (Pig. formation of 
carboa dioxide is al®Q®t instantaneous# Within the period 
of tlmt QormsponAtng to the first phas® of ntlliEation of 
laet&t®^ all ooapomtis tested for, exeept propionat®, were 
d#teet#a« All ooppottaa,s w#re prtstnt in period (b) and, 
following teraluation of fowaatloja of earbon aiaxlde (period 
i<s))f onlj proplomt© ®B«S laetat® w«r© fomadl {Tatol® 14), The 
almost similar naxiatm rates of faiaation of eerbon iioxid# 
from pyruvate sad laet«te suggest a pathway, -perhaps 
lactate jieMing pyravat© which is then mtllla®a in the seia# 
fashion m ad<i®fi pyravate# ilow0¥«r, th® pfruwte fom#d 
from lactat© mu®t be approxiaatdly one-half that of th© 
added• pyruvate Ces shown toy fomation of earbon dioxifie), 
even though equivalents of laetet® and pyruvate were added 
initially* fhese flndingi suggest, agaia, one-half of laetate 
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being utilised in a reaction not iaiatdiafcaly iwolviog d©-
oa rboxyla ti oil • 
fh® detemlHiafcloas used in these experiiaents, with th® 
©xctption of titet for eas?bon dioxide, w®r© quelitativ® aisa 
th©r«fof® no itoiehloffleti^ can. bt ©stabllehad* fh@ flnel 
prodmet® ar® a« Indleetea. ' 
Abstnc® of sigaifieent aetlvifej of suocinie decarboxy-
lES©, end o.ceurrenc© of ppopiomt# prior to the formation of 
oarbon dio.xlfi« from iaetat© suggest e dismutstion of lactat®# 
A tufther contrast betweeii th® mtillEation of pyrairat© 
®nt5. l&ctate is provid«c3, in tlie lafoi?B»tloa obtained frcaa 
manomstric stadlta of the utilisation of lactate Anfl py3P"tt-
va.t0 in the presene® of Mftthylena blue# Curing fclM period 
in which no aarfeon dio.xl<J@ is formad froia lactate, one al« 
of a Is 10^000 solution of atthylen® Mm® is rtduead 
pl@t«ly, iniieating tli© fmetioniag of an enzyme system 
catalyzing transfer of hjdyogeii from lactat®# 1 similar 
study with 'pirrttfet# a« siibstrat® showed no radttotion of 
laetbylen® blue until later la the phas® of fd.im»tion of 
ca3?bon dioxide at which, tlm® fh®r# id only partial fsduction 
of methjltn© 'blm®# these flndii^a &gvm with th® data ob­
tained froa aeTOtoio stMies on laotata and pyruvate dissimi­
lation CFlg. 11 aal 12). 
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BSffeet of ftoo-rlde on th@. utlllzatloa of lactate and pyi»u¥ate 
BmA&r ®M Ll-prntm (6) proposed a aii8aute.tioii of laetat©# 
fMt portioa of til® reaction involv®a in reduetlon of lactate 
to pFOpiomt® was proposed as on© sensitive to fluorld..©# 
Bttt c'3nc€fi¥«,bly dlsautation is not th@ onl|- faction to whidi 
lactate le sabjeet, ta-etate mei' l>e oxi0lE«a hj lactic de« 
hydrogenas® witli tb® fawiatlon of pyruvate. A suitable sub* 
strata-hydrogen aooeptor must ti© pWB^iit for th® reaction to 
proceed# It is eoneslvstol© that in wasfaed whole oells sucia 
ace®ptors ar® present but only in trtee smounts# Oxiaation 
eoulS not proceed without large aaonnts of th®s© «,cc®ptors 
tailless tra,00 -smomts ar« involved in a cycle regenerating 
the original aeeeptor-* 
Tli® sensitivity to fluoride of the Bn&jme system inirolired 
in mtiligation of laetat© was' inv«stlgate<S to ciet®rmlii® the 
actual'sr^a »f serisitl¥lty In the rsactioja sequsnoe, 
Pomfttioa of ear'ban «3,ioxid« frca leietat® and pyruvmt® 
i0 aff©ot®d by iiicr@ssliig concent rati oaa of fluoride, th® 
lactate eystem being more sensitive {f&hl® IB), 'She rtsult® 
obtained h%m ®gr@t with those of Barker ©ad Iilpnanii (6)« 
Mot only are th« rates of fomation of carbon dioxld© affect­
ed tout also tl» total values, latt studies inflicat© that 
foraifitl5ii -of carb-on aidxid® froa pfrmmte i» .affected only 
108 
fabl« 16 
If feet of sodlm flmoride on mt% of fomatlon of 
COg tram lactate aod pyrwat®®. 
^Liters OO0/2O mln. 
{Molerttyl Pyrmrata Lactate' 
. ^r- ^ ^90 125 l.g5 X 10 ^ ggQ j_gO 
g,5 X 10-5 2S0 110 
S.16 X 10-J -D 90 
5,0' X 10-f 3§-
€•§ X 10*5 190 G 
1»2S 10-f 175 
g»5 X 10-^ ISO 
5,0 X 10-f • 138 • 
1,0 j: lO*} m 
.0*0 10-3. 2^2 
®:Eaoti flask eontilaed 50 «g» firied eella, 0t05 M 
piio-tpiiate CpH 6»4)^ 40>(tMolefi jimtostrat®, Inhlfeitop &® 
inflleatsd, d#8 ml* 61 ^2^04 {to stop reaction and 
i*el«a.f# tostind 002)^ deralnei*aliis#d HgO to t^tal volu®® 
of i»3 Bil#. Plask® w®i»« flmhrnd wlfh Og-fye® tank ig 
ana tquilitomtei to 30#4® G* 
^lot iet«»iisti 
partially by ooiie«nt»tlons of fliiarld# wMeh eompl«t@ly 
Inblblt foastion of earbon aioxM« from Isotete, th® «ff«ct 
being manifested in a slight <i«er«a«0 in th© mte of ©folu-
tion ana In a iliglit ®iiort®ning of the period of maxiarn 
fOOTation# With laotat® as sulastrat®., relatively siaall 
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qiMntitl©© of fluwW® tl*25 m lO^^-aolar) arewsittlMd for 
ooMplete liflnlfeltioK# With lEeressing eoneentrattans of 
flmoride,^ the, lag ptrloi in fomatloa of mvhon dioxid® 
ftotftiS In th® nowal feacstlon Is increased pfogrtssively 
(Fig# 14), aaa the p«rioi of wmximm. foxastloa of oarbon 
iloxid® is ^«ei»«ft8©d aarfeedly# In greater ©ojfie#»tTOtion« 
of flttori«l®, til© i«t0 of efolutios 1» itewasdfi* fla® ®x-
ten&ion of the lag ,p«3?lod in tii® fsmatioa ©f mvhoti aioxlfl# 
<3we to the action of flmorld© is not observsd in tlie 
fluorlfit #ff0©t on Gftrbon dioxid# fomatioR frm pji»uirat«# 
Til® tacTOftsefi lag periog siiggests lnhlMtlon ©f a reaction 
prtefidlog fsMfttion of pjruvat® ©ino# pjrmmt% is utiliised 
fairly readily la eoaeentretio'tis of flmorid# mhioh muB& the 
lag with laotftt# as sufesti»at«# 
fh© «ff©ot of fluoride on fowatlon of produets with 
pyrufat# m substrate was iOT«stigat©d by Barkei* «»a Lipffimin 
(6) with tli« followiiig i»«smlt»i 
Molee/lOO Mol#g i?yravat» f#iaient®d. 
M 'KF-
•pfopiomt© 31 ' §2 
Ac#t«t® 54' 47 
Carbon fil&xi«5# SO 63 
Apparently th® '©oneentrfitlon of flmofid® which e0»pl®t®ly in-
hiblts fomatioa of earbon dioxidt fipcm l&otett ahunts hy^ro-
gea® into a fliio-i4<3e»ln,s©nslti¥« system letting to th« 
HQ 
O PYRUVATE 
#  LACTATE 
10  20  30  
T IME IN  MINUTES 
flgt i4 of mmmtmtiom ©f 
oa ©f ©niptooii aioxtat 
frcm aai.- l6ei«is»# 
in 
fofmatloii of proploi»fc®» 
In th« «t«dl®s mportM Ifc was fomfl that^, In the 
presenc© of 0*0E aolaf flmorid#^ pyravat® is dtcteetabl® 
thpoughsmt fcht ©ntir® period of tlm® rftqulred for eoaplet® 
mtlliztttioa of &n ©q-uiiralftiit wmovrnt of laetat® In th© «b-
i©tto© of flmorld#, ©'fen in th® perlofi after ooapletion of 
format ion of carbon dloxltS®* It imy bt oonol^defi t,ha.t part 
of the enaym# syat&m coneemed with atilizatlon of pyru-vst® 
1® a,ff#ot«ia by fluoride# 
Warburg and Christian (166) prtsented. ®via,«n©® to show 
that flmorii® inhibit® enolas© by foating a prot®ln-iiegn#ilOTi-
flmorophosptot® eoBpl«jc» It wa® f#lt that po»@lbl« such a 
coMpl«z is fox»©<3 In the present Inhibition ttudlee and that 
psrhapa an ®xc®8s of the inorganic Ion might antagonia® th® 
inhibition prod.u«©4 by fluoric® • Miitioa of quantites of 
manganea® anfl aagnesltM In ©xc«ss of th® concentration of 
fluorlcit f»il#d to th© liiilbition to fluoride with 
lactata as sttbstrat## 
Growth of Fropionibaoteriiffla pento-aaeemi In laotate 
»«aiuai oontalning 0*02 aolar flttorl^# yl«iaa eellt whloh 
show no ehaiag® in pattern of utilization of pyrwate and 
laetat© la th® presence of flmorld® (Table 16)# ^hese re­
sults Rgre® with thost of Yolk Cl64)» 
fh# ©ffaot of other Inhibitor® on th® anaerobic utilisa­
tion of lactate anfi pyrnvat© was Btttdled# Resmlt® ar« shown 
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fabl® 16 
Eff®et of growth In fluorld® on mtlllEatlon of'laetat# 
and pyruvate toy ProptoalMoterltai pQntoaaQetm^ 
Itrobl© Aimerobi.Q 
Ho laf' 0«0^H"ia# 
0 O g ° C O g ®  
Lact«t« 29.8 24,7 22,3 21»9 11.7 11*4 
fjTVLVBt® 7*0 16,4 4,8 12,9 li«3 1S«0 
»la0li flask eoiatalned 40 ag* dried o«H®, 'o^oe M 
phosphate CpH 6#4), 40 >«lole® substrate, iriblbitor 
coneentratlon as shown, 0»g »1, 61 IgSO^ (added at 
©rifl of reaction to r«ldas© bouad COgT# and deaiadrallZ'-
H2Q to total of 2»5 ml# Gas®ous 'emiTO'imetkt achiev­
ed by MthMs dfiscrlbid in "lainoaetrio Teohnlques" 
(l©t)» 
t«OT® of, /uMoIbs 
in fabl® 17, Cyanld® is utilised not only ®@ an inhibitor 
of respiration but also as a keto*fixatl¥«» £lr«#n, Loca»i» 
and Aa@rbfi0h (71) reported that oxmlaeetat® rtact# gilmogt 
instantaneously with eyanldt to form. th« oyenohydrln. In-
aerobically, it does not affect, utlllzmtlon of either pyru­
vate or lactate# fh« eoiie®iitration of fluorld® which 
inhibits utilization of lactate almost -eoapletely d®er®ases 
the foraatlon of carbon dloxid© froa pyruvet© by approximat®-
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f®bl® If 
Effect of Inhilbltors on fomatlon of GOg from lactate ®nd, 
pfrwat« by Propldnlbfeoterliwi pentosaoeua'^ 
Addition®"^ 
/c Molt# 
f/a§tal'i' 
COo 
f jrwat# 
loii© 12.5 25.6 
ICCI 1S»5 25.1 
leF l.#0 IS.2 
Seaiearbazid® 11.2 4.9 
Bisulfite 0 14.4 
^Sseh. flasl: .contained 40/^101#! substTOt®, -O^OS M 
pliosphat® CpH 40 ag* dried e®lls, li!tol"bitors 
as 0#2 ffil# 61 %S0^ (aadsd at @M of r#-
action to r®l«6®® bomrMi COg|, «M A«aln«rflllg®4 H^O 
to totfil -fdliM® 0f 2»3 ml# flasks w®r« flmshed 
with, Og-fre® tank % anfi ©qullltoi^tefl to 50»4® c, 
/c-Molen of ©meli 
ly 50 per c#.nt# Seaiearbaisld®, another kato-fi»tiv©, affects 
utilization Qt laetst® only slightly wherta® utilization of 
pyruTOt© is d@or®ts@d by approi:iffliitely 50 per c®nt» Bisulftt® 
ocfflpl0t®ly lishiblts •utillMtion of laO'tat© wli®r@6s utllissa-
tion of py3m¥at® Is a©e3?#ase.<l by approxlaately 50 per eent# 
Mathylen® blue •(s«p«r»t« ®xp«rl»«nt®) In^iiblts slightly th® 
anatrobie fomation of carbon.dioxidt trcm lactat©. 
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Wltli. Wispect to tlie lag period In ©artooa dioxide forma­
tion snd.th© ®ff®ct of flttopld© on mtlliaatlou of lactate, 
the rasults in 1?«ble 18 wer« ototaliiM. Duyiag th© lug period 
in th« fowffi.tlon of eftrbon dioxide, ao gas is #folv®d.j#t 
pyruvat# ocquts in the i^eactlon. fhla finding indicates th® 
rol® of pyruvat# «s aa Intemesliat® In the forraatlon of 
carbon iloxid® fro® lactate, FlmdriiJ# ncit onlj laJiltolts 
forfflatlon of carbon flioxide tout also fowt®tion of pji*uirmt©« 
Carbon aioxld® is f oimei in ttot© dlasimilation of lactat# 
ill the pr®s®ne® of 0»02 aolaf fluoyid®, s® rsported ttrller# 
fh© reaotion was eonflucted Blanltaneously with, an tininhlbit-
®«3 reaction, the latter servli^ as sa iad®x of complatoness 
of reaetlon (fomation of oferfeon dioxide). During'th® first 
on©-tlil'fi. (60 minutes) of th© »aetloii period, no mrhon 
dioxide was. fo»ed In the iiiiibit#d ruaetiom bmt m gmdmial 
in.cr®a.s@ in foramtion of gas wss noted after this tinsa# 
Pjrufat® was detected, in this i»«eetion gnd points up th® 
close relatloashlp to#tw©©ia pyruvate. e.M fomation of carbon 
<3.10x1(5® * 
l#fiu0tloii of laetiiylen® blm« in th® pres«nc« of fluoride 
by drlM eellfi acting on laetate si^g©©t® operation 'Of a 
fiehjdrogenafl® wiileh. Is flworlde-lnsensitlv®# Failuro to 
detect pyrwat® in the reaction mixtur® weighed againat th© 
eonclujion thst the ddhyarogenas® I0 laetic deiiyfipogaiiss® 
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fabl© 18 
'Effect of flttorid® on <lls©i«llatlon of laetat® 
bJ FTOplQnlbaeterlm pentoasoetia^ 
^lol@® 
taofeet® ""CS2 E@®otloii 
Lset&t© Fluoride utilized PfPUTat® time 
• -to 0 87 Minutes 
+ + 0.5 oa . 37, « 
+• iW 20»7- 5#S 87 •« 
- «» 0 87 " 
4. 0 0 • 4 « 
+- 5.3 0 4 « 
ftEaeh flask -eontalned'0*06 M phosphat© (pH 6.»4)| 40 mg# 
drltd oella, appfoxlmmtely 20 ^^lolet sub©t3?at@ 
i&M iMl0at«d), 0*0'2 1 flaarld® |as Indlcatsa), 0«i ml,# 
.81 ^2®% stop i»ea.oti©n and.release bouni CO2), 
i«mlii©Mllz«fd HoO to total volvm% of 2«5 al« Plusks 
wm flmsiied.-' with Og-fr#e tank !« «qttillbx^t®fi 
to 50.4'® 0. 
%bs«iit 
^Present 
sptelfioftlly sino# a d.ehy<arogei»«« aetliag on deeoaiposltlon • 
proauets of pjrwst# mtlllzatlori alglit b© i*©spoiii,ibl® fop 
redmetion of .a®tliyl®tt® blw# (206)# Aeeopd Ingly.,. ft detailed 
study of lactic dehfirogeimse in etll-fr#« extracts was 
uiia.@rt®k©n to.datemln® Its sensitivity to flmorld® and otii©p 
prop®rbl©s» 
1X6 
Lac tie Dehydrogems# 
pH optigma 
The pH ©ptlaiaai using whole e«H® and. oell-free extracts 
was d«te'rmia«d "by th© fhuntoerg methylene blue teehnl©. Results 
®.re Bhomn in Pig# 15» fh® pH optimum for fSried cells agr€®s 
with that reported hy Phelps, Johnson an^ Pet@r®on il20) for 
whol® e®lls» Hak«d ®y# oba®rvetion of tamp©ratur«-
tquilihratea Thunhei^ tub#s was used in these ©xp@ri»®nts »nd 
in th@ ©xperiments with cell-frt© extracts» Cell«fr©0 ex­
tracts w®r6 prepared by sonie disruption# The pi optimum for 
d®hydrog®natioB of l-aetet# by e@ll*fr«® «xtraets saamefl to 
oceur at pl'7»4, 
A ©.oaplioating factor in experlmenta with intact 
btot©ri®l etlls is their varying <S«gre© of p«roe-
ftbility for substrate I it mmj ,b« fmvorM by « pH 
¥alu# dlff@r®nt froa th® optl»u» for th® ©naym© 
insifi® th® cell, and a pH-aetifity cunr® obtained 
under th®s® oireumstanets woul^ not repr©'®©nt th® 
in ¥itro properties of th« isolatefl ©naym®.# 
fh®r© Is ftupl® #¥ldeno« that b«et@rlml cells can 
aaintaln a hydrogen ion ooneentration in th«lr 
protoplasm whleh is quit© difftrent fro® that of 
th# iiediTM* It is obfioms then that stat©a®nt® 
about th« pi ©pt3»« for activity of a system 
shouM Ineiud® i@t®lls of tha «3tp«rlm®ntal eon-
dition®* (138, p. 132) 
A mor® preeis® d«t#mlnatlon of th« pH optiauia using 
eell-fre# ®xt»ct8 wa® conducted, using th© Ivelyn oolori-
ii0t®r for measuring methylsn# blu@ eoncentrations* Results 
m 
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TMe 19 
If feet of pH on mtm ©f r«fluetlo» of, metliflen© blm© by 
o#ll-fr«« ©xtracts of f ropionitmot©rit» pantosa-cetjia^ 
flue {in-gscoiMls) tor redluetion 
pH {peg cent) (peg cent) (mr mnt) 
5,2 gso 44 S24 . 
5.S 2S0 4i 592 
s.-rs 166 S4 199 
8t2 ISO 41 171 
6,7 103 49 1S2 
7,2 78 §5 , 153 
7,S5 72 S8 150 
7*9 70 80 150 
%eoh tub® contain®# O.B »!• c©ll-fj?o« .©xtrtat, 40 
^l0le# laetat®, 1 ml»^ of lsl0,000'mathyl®n« blm®, 
4 ml. 'QmlM phosphate. Ca.p#roprl«te pH), aafl 
0liE©d %0to total volwm ©f 6 ml.» •'iaelj. tul5® 
twomited for 10 mlnmtes using aspirator and eqmil-
't3»,t©fi to 50° C, 
i&m fig# 16),. wlierema'tio ©ffsQt is at pE 7#4# 
Satujwtidn of tli® enzyme at-40 mleroMole® '1®-Rppfiremt if we 
cons  Id® r  only ' th# per iod of  ac t iv# r®teot lo i i  (10-90 per  cent)#  
A greater eoneantratlon of lactate Is r®Quir«d t© 'ferlng th© 
re<auGtiom rete in th® lag period {0-10 per cent) to th© same 
leirel as that in the 10-90 p®r eent p®rlo<l# fliis finding 
suggtsts th# ®xist©ae® of & competing- r®aoti<«i wliloh •"steals" 
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laotat® from th® ^ehjdrQgemm and whleh ppQamces & aubBt&me, 
the mtlllzatloa of wlileli suto8®qu#atlj m&f Imd feo i?#dttctidii 
of metbi-l©!!# blm®» 
Effeet of pyywate on r^cSuetton of .aietli?leit» "blmf toy laetafe-e 
At pi 5*@> liici*©a8lBg eonoentrm-tloaB of (a) &q 
not affect tb® lag period otos®rv®<3 in th®' sl^senc© of pyruvat®, 
(to) liiorema® the mximma. rat® of »i3.uetloa of laettoyltn# tolw®, 
ena Ce) prevent AmeoloTlz&tio^n df «@thjlen« bl«t® to %h.& 90 
p«y 0«iit ¥tltte» With r@®p#et to (e), looiptaslng eouosntrmtlon® 
of pjmmte up to tea mlcr-omoles eauses tfa@ final reading oa 
th# Eir#lyii eoloplnet©!' to drop from the 90 p«r cant valu® 
witli no pjmv&tB pm&®nt to a meter swadiog r©pTOS®»tli3g 70 
p@p e#iit «i€uatloii# 
At pH 7#4, mo efftcts w«r® noted with. Imm&Bimg doneen-
tT&tiom af pfrm&tm* 
Effect of ©oneent^tlons of. methirlene toltt® qk f^duetioii Tof 
At pi S»6,, Incwased .conetntratlstns of »ttli|-.l#ri«. tolu« 
inoreaa® th® lag period, hut hat® no ®ff#et oa the, rtduction 
rat© In the lO-SO per o®at jpasog©... Deertaslng c®rie®iitipfttio.iis 
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of methylene blue fall to rsmo-v® the lag period at pH 5*6» 
lo ©ffeots were noted- at pi 7t4» 
Appsrently, a rtactlon, which utillE€s lactate and coa-
peta© with the dthy^rogenaae for lactate, funetlons at th« 
lower pH level®• On® of th© proauets of ' th® reaction at 
pH 5f6 may be pyruvrnt# since Addition of pyruvate increaets 
the reduction tim® and prevents complete C®0 p®r cent) re­
duction of aethyl®n@ blu®« 
fhe evMenc® iuggests that th® reduction notei' at lower 
pH levels is not that due to almpl© i©hydrog©nation of 
lactate Bine© this r#actlon do«s not Ttinction significantly 
at the lowar pH l®v®ls» latherj> m reaction dependant on 
the prtliminaiy alteration -of th© Imctate molecul# (as 
•evidenced hy the lag period) followed "by a transfer of hydro­
gen to methylea®.blue, and possibly yielding pyruvat® as a 
product, nay occ^ir# fh« reaction which modifies th© laetat® 
molecule nay be th© rate-deterfflining reaction# Subs@tii0nt 
dehydrogenation way depend on the existence of th© modified 
lactate moleoul®* One© formed, the modified aoleeul® may 
catalyz© the overall reaction and increas© th® rate of trans­
fer of hydrogen -(ai evidenced by the fairly rapid rate of 
reduction of lasthylene blue in the lO-SO per cent range}• 
Possibly, & product of th© reaction is dehydrogenated, too# 
12S 
Dlff«f«Qtiafel0a of atatas«B anfi dehydrogenas#®, as i®t 
forth' toy Qm&n and D©wan (72), Is ot .In this 
mgard* lutates us® ftlpha-keto aoldS® as oxidising agtats 
wh®j?iias i0liydfog®aas®s do not. ¥nd®r mnmrohio eonditlon®, 
»»t«B®0 eaa link up with '4®hfdrof#nas«s#, I.n autas# aysteas, 
the c'oanzya© 1« »dtt©®d ftud, axliisea. s^nly toy tii® substrates 
of tilt enzymBrn In dshySrogtnas® »yat«iis, th® reduetd coen-
%jm ean alio r©aot with oar3?i«rs sueh. as flairln, fla^o-
protfiin, aethyltn® telrn®, ®te«. Th® pathways for the two 
system® are as followss 
siabstrat® 
ooensiyne • (gmtaa® alpha*>keto*meia 
(dehTfl-fogeM aa) —> carrier— • oxygtn 
{f Ittvoproteln, 
methylene blw,«, 
®te#1 
Under aimsroblo. conditions, with a suiteble alpha-k«to aeld 
prasent j hydrogens say 'he shunted to tha-t aoid to ojcldlz® 
lactst©, thma taking hyfirog@n® away frao th© syst©a aefilat-
lag re^Smetlon of aethylen© hltw.* At pH 5»6, lactle dehydro-
genas« do®s not fuaction signiflcmntlyj, th®r®for® th® te®to 
acM ©annot oeoar by direct oxidation of lactat## On© aouro# 
of th© toto»c<»pow»l fflay 'b« th® disaitttation of laetat©# 
Preliiiimry maaoa«trle experliatnts ti®l:f^ e©ll-fr«@ «x-
traots yl®ld©d results Indleatlng the/t foiwtioa of carbon 
dioxide does not oeour slgnlfloantly at pH 6»4, or '7#4 
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with th« following «» smbstrat®®! 
dlctrboxjli? acMs, lactate, pyrwat©, acetat®, foaiat# , 
Th®g® extracts differ fro» thos# prepsTOd by 'Otter, Kalnit-
skj and Itrtoan 1160) in not siiowiiig fomation of emrtoon 
dioxiS©# Attempts at preparetloa of ©xtracts rising the 
glass-grlinaittg t®elial0' (SS) us©a by thee® euthowyi«ld©d ©x-
tr*ct® showliig ao dtoarboxylas® aotivityt fh® cells msei 
were grown in laotat© wh#pda» Ottep, Salnitsky ®»d Wertoaan 
u@®'{S.etll8 grown la glueoss# 
If ftn enzymo in tto® #xti»aot w»r® competing with 
laetlo dehy^rogtnas®, its activity eomld not b® ^©teotM Isy 
foiroetioKt of earbon dioxide# Ibseae® of f©,»ation of Gmrhon 
dioxid® elifflinates the disautatioitt of pyrwat® «liio©, the 
latter invol¥©® fora«tloii of esr-bdn dioxide# Theug too, pm" 
limlmry <a-«hy<lpog@aatloii of lactet® aiust ooeuj? befor® iis-
aimtatioa of pyruvate mm take plaos# At th# pH of the ®x-
periment, laetl© a®biyd3?og®m8® doss not fwnetion iignifi-
©antly. Alto, analyses shfowt# that pyinawt® Is »ot utilized 
toy the e@ll-f'r®@ ©xtimets ®t tills pl» flaewfor©, dismmta-
tion of Ifictttt® a»y b® the eoapttii^ reaotion* 
la stjfflfflftxy, i@iiydrog®imtioii of Isetat# tj o@ll-fi*®« 
©xtraets occur® optimally at pi 7«.4« A coafml'ng vm&nQtton 
patta:rn at lowmv pH levels suggests th# fwnctlsniag of a 
®©oona TOft-etlon whiela ©«»ip©t#® for lactat©' as a stibstrat®. 
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Ah&enm of caaplieatlng f®etur©8 at feM© higher pH 
levels and the reports of Staphensoa (146) and Gook, HaMane 
arwa lapson {54) prompts the stleetlo'ii of pi 7#4 as th® optl* 
iBua for the activity of lactic dshyflrogtims®# Suhsequant 
studies using the Thuhherg methylesa® him# technlo w©r® 
oarrlefl out et this pH» 
fh0 0«ll-fr®« extract prepare?! hy sonio disruption does 
not mediat« th© r®'C3uctlon ^of a®thyl©n« blu® by glucose, 
malat©, 'fuiaaret®, pyruirate, fteetat® aM fomat©. Only 
suoclmte and .lactate reduce methylen© hlme, the latter being 
t®n ttoes as ftctlf® as .th® fom®r# 
Bff@ot of inhibitors on reduction of methylene bluft 
lo increas® in tlia© of reduction was noted using concen­
trations of fluorldt up to 0t02 molar# Meither addition of 
th© inhibitor together with the substrate nor pro-lncubatlon 
of th© ©xtract with fluorld© had^any #ff©ct* The ©nzym® is 
•S insensitive to 7 x 10 mol&r malontte, hyposulfIte, hypo-
phosphit® ena cyanide# M temporary inhibition was obser'ved 
usi-ng. 7 X 10 ' molar lodacetate, -indicsting the praeenc® of 
sulfhydryl groups in th© centers of aotlvity of th© ©nzyme» 
Contradictory reports regarding th® effect of th© 
Tariou® inhibitors on enzymes hav® b#©n mad©, lodacetate 
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i?®poi?t®dly (S7) inhibits Iaotlo ana malie d®iiya.rog«inta.s«Sj^ 
ffiutases i'72), or the eawler ©nzym© whl©li, oxidises the i»#-
auced laeti© dehtydrogenase (9)* Plmorli® supposedly li^iMts 
laetic dehydrogems® (37)* Lactle dehydrogtnes® is said to 
t5t the oxldlzlnig poptioa of the mmtas© and aot that »spon-
slhl® for ths re'duotion of keto acids (72) 
All In all, th© u»® of Inhibitors contributes Uttl® 
to thd study of th® ©nzyine at this point* 
E80@ntl6l oompoaagnts 
Extracts w«r® prapftred, in 0#1 molar phosphate (pE 7»4) 
and dlalysed ageinst dsffllner&liMd w®t®r for irsrlou© periods 
of time, fh® mdiftlystd extract C0#2 ml#) mdmes latthylen® 
blue in two aluut®®# Blalysla for 1»5 hours inereasei th# 
tlia© for reduction to four minutes# Dialysis for fiv® hours 
yields a rediaotlon tiin© of six. minutes. BlalysiB up to 40 
h o u r s  e a u B « s  m  f u r t h e r  I n e r e a s ®  I n  r t J i u o t i o a  t l a # »  I t  W&B 
noted that th« ftxtimct stperetes into two d®finit@ layer®, 
a light amher-eolored upper layer whleh redu©€»a methylene 
hlut only after a,period of 30 mlnut®® or more and a dark 
brown'layer reducing aethylen# blue within »#irerftl inimt®s# 
Apparently th® lactic dthydrogensi© is fairly stahl® to 
dialysis aiiS is associeted with the more particulate or 
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Insolmbl# f»efcloii« of,, th©'©xtraet, ftoe latter property 
aor® tpparent following fraetioaatioa with. aitmottl'iMi 
•sulfat# C,S#@ later) • 
Dialysis against O.l aolar piiosphat# ipli 7#1) ltter@aii#» 
tfa@ liaotlvstion but laj^erlttg-omt O'e0ttrrsd h&m too. Mmlysi® 
sgainst phosphate resulted in aor® ot less, tht stiae occur-
r@ne«s. noted atoov©. Ada,itlon of 10'".^ molar. solutions of-
manganttt, magft«slim .diph.o«pli0pjridlae nacleotld® failed 
to re®tor® the activity ot th®, dlelysed extraets to tlat of 
the undialysefl «xtraot« , Iddltisa, of boiltd whole extract 
likswtse failed to i4a?« ©.r^ effaot# 
Treatwent of th« «xfcraot with Dowea:-»l (50 - 100 and 
200 « 400 a«eh) does not lasctlirgte the d#hy<3,rogam®©* 
Addition of amtkmymB k to .th© treated e3ct»ct produces an in- • 
ereas® in laethylen© blw reduction tin©, •indicating an 
inhibition hj ttole ®dfgctor» 
'Using the proce^mre for Meatlfioetlon of the. flavim 
adenin® aimel»otld» a-oietj in an Q&zjm®, ms fleserlfeefl b|* 
Warburg .and Ciiri.stia.n C16S} and Summr, Qhou aod. B«¥®r (155),. 
It wslB fomafl tMt aia#d apotmiya© of B-amlno s.ei(?. oxldas® or 
sfldltloa &t tlmin afitnla# dlno.el«0tld® dots aot reactivate 
th« system# Thes® findings do Ki.ot ©x;clu<5® tin©, possl'blllty 
of deiMturatloii of tb# protsln. portion, of. the ensjrm# by th@ 
treetrntnt# Flairln niemtin® dli»«,el®otMe oanuot toe ex«lucle<a 
as an «®s«nti«.l oonpoaent of th© gyBtem#-
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Purlfloetlon of the e.a:twto.t 
• Prsllmlimrj ©xperlmeiit® with criad.© ejctraets showed no 
d®t®et»bl« tSiphatplaopyi'Mln© mcl«otl<a® ewr®s or p®al£S in 
spectroptootoaetfie Many sabstancas ©i»s®nt in 
protein inaj contrlbuta to spestrophotometrlo eurirte reae.m-
bllng tJa® dipliotphopyrlc3.1n.0 nucleotide curve* Pu.i»lftaetion 
of the lactic d@hyc1rogena.s© by aiamonim ©iiXfst© fraetlom-
tion showM tfa® activity to "be oontalned in the 25 • 38 
per cent f»etioa* . flae ©nsyae was stetol# to fFaotionation 
«na to the dlalyste lavolT®d in r®aioiral. of th© awoiiium 
sulfate precipitant*- Spootrophotometrio aaaiysii of th® 
purified extraet failed to show the ourve or peatee, shown by 
dlphoaphopyridln® aucleotide# 
Lactic aeliydrc>i?.enase and Inhllaitioia by flttorlde 
Demonstra^tion. of the insensitivity of Itetic dehydrogen-
a©« to fluoride prmpteA further atudy of th© loeus of action 
of fluorid® on th® atllliss.tlon of lactate. 
Barter and (6) fomnfi that fuaaarate end malate 
remove th© inhitlon e&xmeS. by fluoride# Since the propionic 
acia "bEcterlt. conttln. a strong fiaiarase (SI) aialat® may hm 
eoOTerttd to fumaimt® and thereby indir©otly serv® In tli© 
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role of hydrogen,aoe©ptor or other eepaclty# Barker end 
Llpmann (6) found th®t for ©ech mole of lactat© utilized , 
in th# presence of fluorid® and fiaaarat® approximately on® 
mole of pyruvate appears. Formation of earbon dioxld# from 
the pjruTOt® fo3ra®a from, lactate approxtaate® that froa . 
pyruvate ®c3d®d in separste ®,xpdriin©nta,# In the presence of 
fluoride, ,this rat® of formation of carbon -dioxld® is lower 
than the mt@ of for»ttion of pyruvst® from lactat© in th® 
prsseno®' of fiamarete, th#refor® pyruvate aeemulates. 
The effect of-, inoreaslng concent rat ions of fumarete 
on the foBaa.tion of carbon dio,xifl© fro* Iftotate in the 
pre®®nc0 of flmorid# is shown in Table 20. , lalate has a 
similer effect. 
Poma-tion of earbon dioxide from laotat® is Inhibited 
by fluo,rl<30 wher«as that from fmarate is not# Puaarat© 
removes th© inhibition by fluoride with lactate,as substrat®. 
Th® amount of fyinsrat® ad.fisd fiatermines the extent of foiw-
tion of omrbon dioxifi®# In a eubstrste-iaturated enzyme 
system, tha amomt of earbon dioxlfle fonaefl is equivalent 
approxiuM-tely to that from lactat® in th® absene© of fluorid®-. 
This finding suggests that fuaaimte serves &s a hydrogen 
acceptor in th© presonc© of fluoride, permitting the conver­
sion of lactate to pyruvate which then l»-utilla©d with th© 
formation of carbon dioxld-#. If the sjitem is a simple 
ISO 
TM® 20 
tff«et of f«ma»te on iom&tlon of carbon a.io:xld« from l&etat® In the pTOaenc® of fluoride "by 
P Tm ionitea o t e -rim pentoaaeeaa^ 
Wvm&mt% (^Keles) 
0 '4*Q ' ¥0«0 '''' 
M M0l«S eOg 
lo additions 0,2 0.3 U B  3.1 5.4 
Fluorid® {O.Og*,) 0«3 0'*S 1,7 3.4 S.8 
Laotat# {40/tlole®} 15.4 15,7 13.9 14.2 14.0 
Iiii0tat® Flttorld® 0.3 0,4 2.4 13.2 1S.4 
f j T m m t ®  ( 4 0 j u M o l ^ s )  26.4 -'to -
-
-
Pyimvet® PlaorlS© 1S,8 •M WW 
** 
®laoli flask eantala^d 40 «g. drl«i eella, 0.1 »olar 
pliO'®pii»t® (pH @»4)| sulbitrate and flaorld© sonctntrii-
%lom »8 Indicated, 0.2 «!• 5 1 I2SO4 at ©nd 
of »a©tloii to r#l©s«# botand GOg}> d0mlii®i?alli®t HgO 
to total voltiae of 2*S «1# Flasks wtip® flmehstfl with 
Og-fw« tank ig and equilibrated to SO.4^ s» 
^lot <3@t®»ia#d 
hydi*og®a tmnsftr, tor merf boI® of lastate utlllged on© 
mol® of piTwate should tee fo»0d aadi tbtn utlll2«i with. 
the foymatiott of th® eaownt of mfbon cSloxlde-wlilela would 
b® fomed fFO» pyrutat® In th© ^0iie@iit»tioii of fluoi*ia.@ 
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asea# Th® d«t« (fabl® iO) ladlGafc® that this is tlie cas®. 
Data p'j*®s©!it®d "bf Bark@r and Llpmginn (6) 'Terlfy tbis ©zplaim-
tlon# 
Barker and Llprntnn (6, p» S6S), la «tttdl#.s of r0.t@s 
»th«r than total fo»atlon of esrtoom -diaxM®^ th© 
following1 
•lActiit# 
Lmetat# 
Ftatoarat® 
Pjrwat® 
lna.og®noua 
Maxlffiiai rat# 
cartecm aioxldft 
30 
236, , 
222 " 
30 
Laot&te 
-go 
000 
Pyruvate 
cmm,# 
48 
1702# 
fh© asterisk point® out the vala® eorr®et#fl for pyrtivat© 
fO'isaed from laetat# rnlon©# Issimlrig fojagtlon of pyruvate 
from' lactmt® la th« prestac® . of flmoride tnfl fiamrate,. the 
pyruvate f^iwi shoialia b# mtiligtd' at almost tb® tame ret© 
as pyruvst© alo»© in tli® pr®»©ae® of fluorii©.' Sueh is 
evidlsnt frcm th© dat®i presented# fhe data also g-oggest a 
fluorlie-inseueitlv® oxidatlon-reductioa r®aotloii b«tw#®ii 
lactate and f ma rat®# 
fh® foriaatlott of siacciuat® froa fumarat© waa reported 
by Barker and Lipaaim if) usingglye@rol or #rytb.ritol aa a 
redueing agent instead of lactat®# 
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By MtettB® Qt a ©actmet whloh do#s not eatmlyse 
tli« foraafclon of eupbon froa pyruvat#, laotat®, 
fumasrat®, sueelnat®,. and othar ooapounSs, 1% was poasibl# to 
test th© reaetion proposed by Barker amd Llpwmrm (6) for the 
propionic meld beot«rla and toy Quast#! ani Whtthtm 1127} for 
Beetierlehia eoll» 
Slae# 6®h.fdrog@j»®«s fmetlon optimally at th@ iilghtr 
p>H l«ir©l®0 pH 7#4 wa® s#leot«d» Earlier ®xp«rla«iits melrig 
arl«d e®llg w.#r« eoii<0ttet@d at pH 6«4# 
Xftlllmttoa. of laetata cft'Usts the reduction of ntthylen® 
•tola®, wli®r«sis mt ill sat Ion of fuaarst® do^a not# Mdltlon of 
ft iolmtlon of Ifto.tat© arwl f-waaimt# together cams®® & »pid 
r«auetloii of »ethyl®ii# Mm® follewed by a partial r©-o.xMation 
of th© Indleator#. By m®am of a two-am ftonberg tub© 
(Fig•17), Ittctat® was. Initially sM. ffleffctylen® "blu® wa« 
r@<5u0®d* Mditlou af foaarat® fro® the stcond aidii-aris of 
the tute results ia an instantaaeoms and eoapltt® re-oxidation 
of the lMi0ator« This ocomrrenot is followed by it gmfimal 
rsduotion whleh mmer r«i.ehe® ® full 90 per oent »tRge. 
Stthitrate hg-irogen aeogptori 
By »®aiiii of the two-am Thwnb®!^ tuh© {Pig# 17), ®®ir#ral 
eompomnfl.® w@r« ttsted for eapaolty to mco#pt hydrogens 
im 
— \ ^ S I D E A R M  CW) 
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(electrons) frwi l®ueo-«8thyl®n© blu® foi«®d In the pr©8«nee 
of ths eell*fr©@ ©xtraot »n6 Itottte# Pymivet©, tcetat#, 
foraat#, malste, suecimt® glyeerophosphnte, phosplioglyeeT-
ats, acipylat©, acrolein, and methyglyoxal failed to reoxl-
dlz® tile refiuoed methylene blm«« Wvm&rmte and oxalacetst® 
mrvrnd as oxidizer® f^r l«uco-i»@tlayl®n® "blm®, th® eeeona 
neiaefi cmpouHd proviaing an ineoaplet® reoxidatlon# 
fh© usmal proeedure for testing was m followsi 
Laetat© was plscefl In one sideam «na th© r««oxldl2ing 
tubstanc® In th® ®«eoni sit1©arai« Following the •usual evacua­
tion and ttmp®»tmr« equilibration, laetat© was aMefl to the 
reaction miacture in the tube» laittction of methylen© blu® 
was foll«»ed photometrieally using the iTeljn oolorl««t@r 
with a S40 m/t filtar# Following ,c«pl®t# wfluGtion, the 
tecond, smbstane© was added and th® rftt» of reoxidation 
followtd eoloriaetrieslly# 
Chamcteristioallf, aadition of fumarat® yi©Ms an almost 
instantaneoia® reoxidation, whereas oxalaoetat© eausd® a muoh 
slower reaction whioh ne¥@r reaeha® th« full 90 per cent 
aathylene "blm® oxMlzed oondition# Mditioa of o»! la cat at® 
is aeempanied hy frothing, probably iti® to th© daeomposition 
by decarboxylation of oxalacetata. 
It was fotiM that 0,0125 nolar fluoride does not affect 
the reaction* 
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Couplenl Reaetion b©twe«a Pttmamt® and Lactate 
Whether th® tmmt®T of hydrogen from laetst® to f-omaimt© 
or ox®la00t«t0 ooew® in th© ahseae® of Biethjlen© blue was In­
vestigated# Analytical prooedtiMS w©»,us«d to fietemln© bctia 
qualitatively si^ quantitatively th® substrat©® of th« r®-
aotion# 
fh® Isrbm^^Baroroft respiroastep was used for Measuring 
fomatlon of gas ®M also for malttttialng a eonataBt t®»p«ra-
tur#, anaerobic systaa* Th« effect of the ©xt^act on lactate 
on fuiiamte, and on fumaTat© and lactftt® tog@th©r was <S.et®r-
ained# fh» results of a typical ®xp®rim«nt ar® shown in Table' 
SI* 
It i® apparent that th© reaction' is earriefl out by the 
c©ll-fre® ©xtraetst fh® effect of •various concent rat ions of 
fluoride which inhibit th© utlligsation, of l«.ctst# by whole 
cells wa® investigated* Result® ar® shown in fable 22. 
Little or no carbon dioxide is fowied# Fro® the results It 
Biay be concluded that the oxidation-reduction reaction does 
occur End that It is insensitive to the action of fluoride. 
In effect, a portion of the reaction which aay occur when 
lactate is utilised by whole cell® has been isolated by using 
cell-free ext»cts» 
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ftbl® 21 
Utilization of lii,ctat« aatf fwaai?st® "by ©©ll-^fye© 
extracts of Froploallsacterlm pentoaaQ-em^ 
Substrate 0Og lactfet© Pyruvat® Piffla»t® Succlnat® 
• . atiliEed utilized 
Lactate 0 0.2 0.1 0 
Pufflarate 0#9 *«• 0*1, 0»9 • • o»l 
Lactate 2,9 12*8 ' 13»5 11*2''' 7»8 
Pijoaarate 
Suoclmt© , 1#8 
®laela flasfe eoatainefl 0#1 1 phosplmte (pi 7*4), 0,8,ml. 
c#ll-fr«e extinct Cpr©p®r®a in plioapliate,, pH 7.4), 
substrates ii«fllcet©<l- abo¥® 140 //Mol®® ©aeh), •0.4 ml. 
6 per e®nt HPOg (ad€ed ®t ©nS of SO alattte i»®actlon 
perioa. to r®l#as« bouM.COg), aad di«mlii©rmll2®fi HgO 
to total ¥ol«ae of 2.0 ml. flasks wer© flushed with 
Og'-fr®® tank Ig and ®qulllbx»ated to SO.4® C. ' 
%ot <3,et©mln«d 
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Tatol© m 
Iffeet of 0»02 1 fluoride on oxldfttion-reduetlon 
mmtlon bttwean lactate and fun.®rate® 
Substrat© .0,02 M 
Pluorld® 
>MMoleg 
OOg 
pyruvat© 
Lactet® 
Lactat© 
Ijsctat© 
PuMrat# 
J> 0 
0«1 
o»s 
,0,.85 
0 
§•7 
Lectet® 
Pii»arat® 
6.6 
•Fiaaarate 
Fyaarat® 
0,6 
0,55 
0,3 
0,85 
®SRch flask eontainsd 0,1 M phosphat® {pH 40y«Molea 
.substrates asifi 0,02 1 fluoride as shown, 0«4 »!• cell-
free ©xtrftot, 0#4 .ml# five per esnt IPOg (to stop re­
act ion aad release liouiwa OOg^* aemlnerallitt HgO to 
total voltaa© of g»0 ml* Plesks wep# flushed with. 
Og-fTO® tank I2 and equilibrated to 30.4® 0» leaotion 
times SO iiliimt®«« 
Ibsent 
1S8 
Effect of pE on reastloyi between fimarate an<3 lactate 
TM ©ffeot 'Of fjH on th® oxidafcion-reduction raaction was 
6et@mine& with cell-free extracts, which do not 
Previous studies on dehjdrogemtlon of lactate 
using the fhmtoerg methjlem blti© teebni© indleated unex­
pected oceurreoees ®t the lower pH It^els# fo airoid eompli-
•cations related fcO'tlie inciicstor teeimie, furaarat© .was used 
tts th© hydrogen acceptor insttafl of raethylea® tolu«» Forma­
tion of pyrnmte wbb med as a measure of-©nzya© acti'vity# 
Hesulte ar» shown In Flg« 18« fh@ ^pH optima® oMainad using 
the enelyticftl procedur® agrees fairly well with that foimd 
using Mxlmmn, rfttee of reduction of methylene blue as a 
measure# 
Analysie of reaction mixtuwi for Isctet# and pyrwat® 
showed ireriatiOM with change in pH. Keanlts are shown in 
fahle 25# fh© lactate-to-pyruTOt® rat3.o • (Isl) apparent at 
pH 7*4 ia lacking at the lower pH leirels, A ratio of 2tl 
occurs near pH S,9» Howevtr, maximiaa utllissstion of lactate 
anfl Biaxiiam production of pyruvat# occurs at or near pH 5,6, 
It is lnt#r®®ting to note that Ireb® (94) found th© maxliauBi 
dismutation of pyruvate ocourlng at pH 6*6 in gonooocol and 
utaphyloeocel.. Analyses of aliquots of reaction mixturas 
using larger volimes of reaction mixtures yielded th© results 
* 
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TatJl# 23 
Iffeefc of pH m reaction 
b@twe0» lactate aafi fuaa^fat#® 
m 
Lftetat© 
atillted 
Cu »ol@ -i) 
fyrmvat® 
moles) .Ir« e t a t«/OTini¥a t ® 
S,5 IS.? 8.2 1,7 
s.*? 14.4, 9.1 1..6 
6«0 11.1 7.8 1,4 
S.5 1@.«S 6.8 l,f • 
6*i • 12*2 6..t i*o 
7.g 4.1 1#3 
^•4 4.1 4.0 uo 
••Eaejb flask, coatalned 0#S al# ©xt3?aet Cl»5 mg# 
proteia), 40yalol®,a stttostfat# -{saeli), 0*8 al« 0*S 1 
phcsspliat# {sppropriftt© pH), 0,g ml* 5 f. rtoSO^ (t© atof 
aad reXmae <S«»in©rali2«a H2O to' 
total V0l««« of E»0 ml« flask® mm flmstoM with 
Og-fr#® taufe Ig ena ©qttillteated t© S0»4® C-# Eeaetioa 
ti»@s SO aiattt®®# .. 
shown in f&fel® 24# Appai»ntly fiBma»t« B&rtes ms a substimt® 
hydrogen ao©®ptor to a prog3?®BSlv®ly aiallsp d@gi>®® with d@-
o»ft®t»g pi.* fh# tasmt of laetftt® utili^ad at tli.# low®r pH 
l«v.®ls ii appi?03s:l«»t#ly three tlB®s that ,at pi 7..4# Th©re­
fold, aekyay<^«i»tion of laotrt# Is not the laln TOaetion for 
mtiligfttion of leetat® at tha lowep pH lewli# fh® »tl0 of 
Iftistat® mtill®®d to pyruvate app^aplag smms to •approxiiattt# 
2 i U 
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Ttblt 24 
of pH on utilisation of fimarat® la 
lAotaie-ftmamt® eoupled 
m 
lAetat® 
atilissed 
.Ci^.noles) 
Pnaiarat# 
tttlligSti 
{«mol@s) 
Pjjfwat® 
Ctiael#®} 
gucelnfit® 
CMXIOIS® ) 
7.4 8.2 S.8 8.0 8.2 
6»B 2§*8 6,0 15.6 6.2 
5.S • 27 #4 S«4 16.4 2.6 
ge.0ji flMl e©iitaiii®i 4»6 al« ©«ll-fre® extract {17»5 
«g* prot®lm), It »1« 0#3 1 phosphat# CpH aa Indleated), 
80 substfat® i&&Qh), 1#5 B1»'31 HgiO^ (to «top 
Wftetion ana rtlsas© toouM COg), a«mitt®riiiis©a HgO to. 
total i?ol\m® of SO »1» Flasks wmm flush«d witf 
Og-frs« tauk lg aiaa ftalilti'i^ttsa t© S0#4®. 0» 
StolaM;«eti?F of reagtion at pH §.».6 
Taklag lato eo»sid«rttion th® aaomata of la^tat© utiliaea 
ana pyramt® appearing to th« oxldation-iwdmetloii see®ct ion 
with. th« following resttlts ap« ototal,n®ds 
m Ijtet&te utlllssftH gyyu-^ate appQaring 
6»© 9# 8 S(»8 
5.S 12*0 6.S 
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Thm data IMlcat;® an imtoalane® tO' foramtlon of a. 
Bubstaao® oth#!* thmn pyruvate# ' Prom the 40 mlcroaoles of 
fttmarat® Inoludenl in the • react ioa only 0«1 aioromole of 
pyruvat® is formed# 
In experiments coafltictefl in the abaene®'of fu®a,rat« • at 
pH 6,4, it was found that laettt© p»r a# is utilized to only' 
a slight degree» Approximately 40 mior»ol®a of laetat®, 
yielded only0«3 aiercanol® of'pyruvate and an aqui^alant, 
amount of laetat® is utiligsed* 
These findings suggest th® a#®d for soma faetor or 
factors prasant in the previous #Ep®ri»®irit® and afesant her@» 
Accoj^iiiglyt on® aieroaola of fuaarat# waa add©i ai»J. th® re­
act ion aiixtur®'analy sea# It was found that the'saa® pattern 
of products, oeourrad har® as. in the axpariaiants with a' lai^a 
axcass of fmarata# Apparently, then, fumarat® contrihutea 
to the op®ration of the system using two molas of lactate 
with th© formation of only on® nola of pyruTate# 
Steaa distillation of an aliquot .of th© reaction mix­
ture in tha presanc® of sulfurio acid and mereurie aulfate 
indicatad the prisanoa of a volatila acid whiah ©hroinato-
graphioally resamhlas propions,t®* Marcurie sulfate was added 
to the ©taam distillation to destroy any pyruvata or laotat® 
present* Previous axptriments indieatsd that propionate and 
acatata ar© untouohad toy mercuric sulfate and ara daliirarad 
MS 
quant 1 tatwhereas pyruvate and laetat© are destroyed. 
E©suits mmm a«. followss 
BH Ijftctate Pyruvate foletll# 
PtilizM fora#d aoldi 
6,4 lOa 5«0 4.8 
Values ar« la tei®® of aicsramol©s» fli® result® Indlcat® th© 
oocurrenc® of'm reaetion yielding pyru¥at® aM propiomt«» 
fh© r®^uir#m@iit of ftaaarat© t© efttalyz© th# r®fietlon 
suggests iavolve^iit of ® phosphorylation or soa© ©nergy-
creating oyele. Catalysis of dliautations by fumrete is 
not without pr©e®d@iit» Kmhs (94) de»onstrat©d catalysis of 
disamtatlon of pyrav«te by fuiaar»t@« Krebs (95) also deolared 
that tiidr© i« no »na#roblo breaWowa of laotat© by 
Escheriohia eoli im the'abseno® of fwaaTOt## 6r®®% Iiooal® 
and lusrbaoh i * f l )  reported that fmarat® acts catalytloally 
to sparl£ the oxidation of pyruvate * Colowiek, lalekar and 
Cori (31) presented mM&me for ^0 oatfilysl® of pyruvate 
aad glu0oa« oxidations by the auoolnate-fttaerate reactioa, 
suggest li3g th© oeourr®ao® of a phosphorylatloa systew. fhe 
report of Erebs (95) plae«fi th© opti«iua pH for th® dismuta-
tlon rtactioa la gsohtriehia ooli at S#5# At pH ImO, llttl# 
or no lactate and fr®# carbon dioxld® a» foraied* The 
©atelysis by fuaarat® (94) was quit© apparent# Twenty mloi?o-' 
moles of added fuiiaimt® wer® ®ufflol#nt to Inoreas© the 
reaction «or© than 200 per cent over that for pyruvate alone# 
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Fuffinftttis per m was not lafelllEed ilgnlfio»ntlj« Bayk^r snd 
tlpwrnrnx (7) demomtmtM that for «aola aol© of f«»Ri»at@ m*-
duB®& to aueoimt®!, mn aliaoet equivalent taoiant of Inorganic 
pliosphat® i® est®s»ifl®6# flie system lnir#8tlgat#i her® wmy 
require an sau3?e« wlaieh Is "tparkei" by preliminary 
phosplio-rylatioii-Qr by .«ii ®n«rgy*fdnaiiig reactloa eyel®# 
SoloMon, VoamBlmM, Kleaperer and Imstliae-s (144) proposed 
th# phoapliorylatioii of f«»aj^t® with th© fonaetlon of an 
intemediat®, HOOCClgClCPOgfig)GOOH, wiiloh if i@hydrog®m.t#i 
to, foMt 100GGH»OOCPOgl2)pOOH» latter is deearboxylat®di 
to phoiplioeaolpynivat® and earbon dlaxifi®. 
Essentl&l eoaponents of tke dliatttatlon, reaetioa 
fh# ©ffact 0f ©nsrgy-rlch eonpotma® Da th® ftetiYatlea of 
the'whol® aad dl&XyzeA e®ll-frse ©xtmel; wmb la¥#Btlgat®d# 
iesmlts &r# sb-own la fstbl® 2S» Mdltion of «a®aoslae fcrl-
phospbat® (MfF) to th® ©oupled. i»@«etloii Itthlbitg tb® reaction 
Bllgbtly but ii&& no stimulating tff^etn Dlalysl® of'the @x-
traot fslls to ieoreas® th© activity of I'tb# eaaya® system 
slgnlfloaatly, siagg©atlng tiie atosenc® of dialysabl® eom-
pomats in tb© Bmjme ayatea, Addltloa of adenosine dl-
pbosphat# (IDP) shows'a definite laer®fts® of ftetlvlty, 
©apeolally in the di&lyg®a ©xtraets# It Is coiie®l¥«ble that 
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Table 25 
Iffect of adenoein® trlphosphat© aadl adenoatn® 
diphosphate on rea©tio» b©twe@ii laetate 
and fwaarat® at pH S«S® 
W&Qle #xtraet Dliilyged ®xti»,et 
Substrate Lao'tftt® 
utillwd 
.pyruvate Laetat® •PjmCTtt® 
lifictete 0.5 0,4 0.4 0«4 
Pumarate 0,2 ««K 0,2 
lift c tat# 
Ftm&r&t® 
12,4 6*1 11»0 7.7 
Lactate 
Pmaret® 
mf 
•9.5 ; 4,5 9.9' 5,4 
tactat® 
Pumarate 
AW 
12*1 5.8 15#5 7*1 
%#@li flask eontained, 0#8 ml# .c@ll-fie®t %xtmot, 40 
MMoles of'mQh BubBtrnte,, Q„'Q& M phospliat© CpH ©•§), 
•b-wA HgO to total volwut ©f 2«3 ml# AfF and AW w®r@ 
add«a In. qmotltles of t®s Moles • lach flask wms 
flushed with ©qulllbrntea to 50*4® 
C» Hesmlts tr© reported in ttnas of Koles^# 
^lot dttsmlned. 
a reaction lii¥olvl»g Imooj^oratIon ot InQs^aal© phospMet® 
lato' an emrgy-rieh BO1©C-\II@ pr»e@des th« filsautatloa wae-
tlou and that th® #xt®iit of the latter wtetioa is deptsadent 
mpon th® pr«i©n00 of a suitalal® phos^et© ae©®ptor, suoh aa 
AW» 
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fh© reporfc® of Sllv@BBan and lerteian {137) and Qm®t@l 
and Wetolsy (1251 indloate the im^lr&ment ©f thlamla®' in tlm 
utilization'Of py-Bivatf'aEd lactate# Adiltiom of trae® 
amounts 'Of th-lamin# iii02peas«d fo»fttiQn of ©arbon dloxid® 
from Ifietat® by S4 per'cent awd trom pyrwftt# by IgS. per 
cent# Siguificantly, oaly approximitely on@-h.alf the amotmt 
of carbon dloxld.® foBied tram pyamvat# Is fomad tmm 
lactate# With tli# ttdflltion of thlMiin®., tlit amount of carbon 
dloxld® fotmed fa?om pyrufate Is thr@© ti®®s that from laotat®# 
Prof>iontfe&'gt®fltta grown' oa thiamin®* 
<i@fl0ltot media (154), was eont»«it©d with nsmmllj grown 
o©ll® ia Tslatioti to aaasTOblc activity on.laetat© and 
pyrttvatt with and wltliout the addition of thl&mlm and cocar-
tooxylasa {fabl« gS)* . Apparently ©oeasi'tooxylfta# ..I0 iwolved 
in tlm fOHMtlm of earfcoa dioxid# from "feotli fyrwate and 
lactate# It Is oojie®Iva'bl® that la,ctat0 is mtlllsed with th® 
fomation of pyravat® wMoli th#ii mndei^oti dteoapositlon' by a 
©©•eai»boxylas«-d®peMt!at tngym® Eystea witb thi@ @¥©iitUiRl . 
fOBaatlon of earbon dloxld#. fh© woi^, doooapositlon. Is 
ustd ad¥l8®dly siao® stadias oa utilisation of pjnrv&tm by 
tht pTOplonlQ acid baeteria ai^' limited and alapl# deeafboxy** 
latioa ie not tbe only reaetion to which pyrairat® may b© 
subjtet,' Dl@®tttatloa of pyrw»te has b®#n demoastratdd in 
se'^aiml 'baote^ial sp®oi«® and in animal tise%«s (10, 94, 99, 
145,. 161), 
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fabl« 26 
UtiliaatlQii of lactate and pyruvat# «.s IntlmnmA 
hf fcliiaaln® and co'carboxylii®# 
Typq cell Mfiifeicsn® 
>6lol®» COg 
liiiilC 
lomal lane 2S»g 1S,1 
fhiftmlue gS.8 IS.g 
Coearboxylas© 25«4 IS.O 
fhiamla®-. . loa® : 0,5 oa 
deficient 
Thitmine' 1»0 0,2 
• Coeti'boxylas® 5.7 7,4 
®laoli flask @oiitalii«d, 40 asg# iwmt weight) cells, 0*01 
1 pliosphate CpH S»4), 40/*Mol®s aubsfcrat® as Inaieat-
td, end HgO to total ¥ol«»® of 2«5 al# Flasks -
flmshtd with Og-fr®e t®.»k Ig aiia 0qulllbj?at#a.. to 50»4® 
C, 
%'liiftain© and mmrhoxjl&.m afiSti dlreetly witii stito-
»t»t®8« lo preliminary Itieubatlon wm la^olfed# 
Tlieee smtofitanett m®m &M%A In tmomrits of 10 gamma 
©ash. 
Mphogpliopyrlfiln® naeleotli® sctg ai a eetalyst for 
botli the oxidation aiifl. dltamtation of pyrairatd (10)# Smyth 
(143) demonstrated that thiamttt# may b® r«pl«o#fi as a oata-
lyst In th® dl8«iatatloa of pyravat# by staphylococei#.. 
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Oxiilao©%at« OT fua8.»te nmj rtplac® th« "vltmmin# fh© assump­
tion was sad© that thiamine catalyzes the flxBtlon of carbon 
filoxid© onto pyruvat© with the formetlon of oxalacttat© which 
then. 1® QomerteO. Into 'th© othey fiicarlsoxylle aeids# Colo-
wiek, W^loh and Copl {Sg, 33.) pi»es®nt©d evlAm-im for the 
functioning of ftassaset® as a ©atalyst In the oxidation of 
gluoose and pjTuvmt® hj ©xtraets of kld.n®y» . Pluorlfle (0»02 
aolar) inhibits th# oatalyels ia the sas@ of glucos® hut 
not in th© e»®@ of pyrwate# AppaTOntly ijhogphoiylatloni of 
glucos© is {l®penfi©at iipoa th# oxidation, of pyywet«.» Phos­
phorylation p»ceaei oxidation of glucos©« Pumstrate is an 
©ssentitl llak h®tw#@ii phoaphorylatlon .aad oxidation# k 
auaber of substrates mhos& oxliatlon invol?#® eatalys.i® by 
fuffl&r&te «ay be ooneerned with the phosphorylation of gluoos®. 
T®ng Cl55) found th#t anatroblo utilisation of glycerol i@ 
dependent upon th« simultaneous in©tabollsai of pyravat®. The 
implication .here is thit during the dlsmutetlon of pyru^et® 
high #a®rgy phosphate boMs ar© gsnemted, resulting in th« 
phosphorylation of glyeeTOl# 
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DISGUSSIOI 
fh© rol® of smoelaio dtoarboxflas® ia th® fowttloa of 
proploaat® by th® propionic aeid bacteria h.m b©®» emplmsiaed 
by «arll®r worktrs |38|# ' ProDioalbaettritaa peatoaaeem waa 
found to pc»js«®®i low lewis of or m smecinlc ieearboxylAse 
activity as tt r#smlt of eultltatlon for loag, p«rlod® of t|j«.« 
in lactete aediuis» fiiea® eells utllls® laetat® mnSer 
aim#robie eondltloas with tbe fomatlora -of tb® produeta aiMj 
proportions shorn in the equation,,. 
3 Iiastetf «  2  Proplomt# +1 Aeetat#+1 Carbon dioxlfi«» 
A0tiT9 lactic dehydrogenase and smeclnle fiebyflrogenas® ©rt 
foujad in ©ells laeis:iEg sueclale deearboxyla®®# 0#ll-fr®e 
©xtinacta w«r® us«i in th® ittifly of tb®s® debydrogtnasas# 
Tb® pH optlffiaii for #«©h it •7»4* 'fb® 'eoneept of a pH opt .lama 
for th@ fanetlon of an mMjm» tmbodies tb® Idea that tb® 
forwara &M refers# reactIQM {assuaiag th&t om mnsjm® 
®©ditt©8 both reactions) botb funetlon ©ptimally at the ma® 
pH» fh@r®fore^ witb lactate ae subetmt#, forwfttion of py­
ruvate ®bouM occur resfilly ftt pi 7#4« Bebydrogenatlon of 
lactate has been dtmonstratea with tb« Tbunberg tecbnlo# 
But in th® ftbsene# of aetbyltn© blu®, a sultabl© hydrogen 
acceptor »u®t b« present to r©c«iv© tb® bydrogtn d&rlm& 
froffi l®etat«» With w&Bh&4 cell# and In e«ll-fr«© extract® 
ISO 
this, is not th« case# Asstualng that smell m hydrogen, acceptor 
I® pr®0@nt,, fixation of oarhon dloxld®, derifM, from pyruvate, 
aiay oeomr with the fometlon of, oxalac®tat€# One© forrndd, 
oxalftC«t»t® Bay sert© a» a hyarogsn ®,o0«ftQr to fa»i malftt® 
anfi liattltansomsly another aol.eoml© ,of Xactst® Is confertod 
to pjruvs.tt» The net result would b© the fo,.rB»tlon of sue-
cimt®.la iarg® ©MOiants at pH ?#4# lowd-rer, .succinic dscar-
"boxylas® do®s not- function at this pH# Cotic®lirablj, In 
noraal fewsntatloiis In which th® pH l©f#l falls,with pro-
gresi of th® f©testation, iacciimt® is f.or»@€ Initially and 
not utilisad antil the. pH level firops to th® 1@¥®1 at which 
suceiale d»cerhdxyla©@ functions# I«. the--ees® of cultlvntlon 
of th« orgiini®m,lii lactate madiOTi, th« pH, a®ver drops below 
S«8»• fhs fomation aad the function of iueelnie a«carboxy-
lase &r® Inhibited under such condition®, a® was shown in, 
the @xp@rlaents reported hert# fh®r«fore, io s®lli laokir^ 
euccinle .dtcarboxjlaa#,, th© dehydrogenas©® ftmctioa ratdlly 
hut the procStict, guoclnate, cannot ho titlliztd fey a deearboxyl-
atlve reaction# ' fh« other mo6.e of utilization womM b© the 
oxidative aechaaig* or dehyfirogemtlon of succimt®# ler^ 
agsin a smitabl® hydrogen acceptor must to® airailahl® to 
«llow the rsactlon. to proceed to aay appreclahl© extent. At 
pH 7»4 lactic S©hySrog@mse functions optimally ansi compet®® 
for sultftbl# hydrogen acceptors* fhe net r«ault is a ®tale-
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iMit® with tht only poBslble avenu® of outlat being via 
pyrwatd an^. Its d®gi»aatlon» froplonete has been shown 
to ocouf In f©i»entatlo.iis of gl\icoa« ouMds the fmotional 
pH i-gng© of siieclnle fiscarboxylgise CS8)» Another mechanism 
ffiust function in the synthesis of proplontte# 
la those f©Mentations sueh as that of glucoa©, in 
whioh th© initial pH is ttpproxlmately netttrs,!, ©uccinat® 
imj tot famed and, aecmulata, so that with the progress of 
the f«im#nt8.tlon and with d©er«asi.hg pH th©r© 1® a ready 
supply of iaocinet© ©TOilabl© to th© suecinic deearboxylae®. 
When th® pH reaehds that for outlawai functioning of the 
dacarboxylttse, deeiarboxylatloii of succinat® beeomes th© main 
reaction by which propiomt© Is fomed* Bwt her© again th® 
inportane# of sueclnle ddcarboxylase to th© formation of 
proplon®.te is In dottbt, since after depletion of th® suecinat© 
which he® aeeiMfiiltted, the ehane© for foi«8tl6n of smcoinste 
^ift thd ^iioarboxylic acid ,cyel@ it very small# Th® latter is 
true sine® th# fiehj^-rogenaaes whic&t assist in the formation 
of Bis.lst0 and smcclnat® are relatively inacttv© at th® .lower 
pH levsls, so thet fometion of succinat® by thi« maans is 
at s. standstill# fh® other possible soure© of smccinat® may be 
th® eond^nsetion of two aolecule© of acetsite with th© fowja-
tion of the four-carbon acid# But formation of ®uoclnat# by 
condensation of aoetat® -is dependent upon th® preliminary 
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utlllzfttlon of pyruvate with the formatIon of acetate, 
©ccording to the ©quatlons 
4 Pjruvat® 4-2HgO « 2 Laotat® + 2 Ae©tat©+2 Carbon dloxld© 
2 Lactst© •, 1 Pyruvate +1 Propiormt© +HgO 
or S Pyrwat®+• llgO « g loetat©+-2 Carbon dioxide+1 Propion­
ate, 
The final ©tuation Is that msed to repressnt th® overall 
disalallation of pyruvate under ana«roble eonditions# 
It should be noted that pyrwvat® is eonslderad th® inter-
nediat© of eardinal iiaportanc® In th© disslailatlon of glu-
©08®# The dlimmtation of pyruvate represented above has not 
been shown/- to be operative althomgh it has been proposefl as 
the reaction which probably oeours. In the dissimilation of 
glucose at pH levels above the rang® of suecinie decarboxylase, 
this reaction may occur# contributing to the fomation of 
propionate# This reaction may explain the iflnding of propion­
ate in fenaentations of gludoie above the pH range in which 
succinic decarboxylase is active {58)» The fomatlon of 
proplon0.te und-er these conditions is dependent upon the 
operation of the enayae syateia responsible for the dismutation 
of lactate» 
The ovemll reaction sequence in the dismutttion is 
represented as followei 
155-154 
4 Lactate » 2 Fji?uvete + 2 Propionate + 2ii20' 
8 Pymwte-KHpO-. 8,1, Lactate-H Acetate1 GagbQii dioxidQ 
or 3 Lactate • g Pi'opiOMte -l-l Aeetets + 1 Oartoon dioxide 
+ Hg6 
Tfae final equation is that accepted as jpcprtsentiag the sn-
a«robic aissiuilation of lactet# Cbasei m product aimlysis)# 
0tili2ttion of lectat# unfltr tmsrotoic coniltions has , 
been shown to b® irfiibited co»pl®t9ly bf fluoride. Sine® 
hjarogeiiation of lactate (which do®s not occur to any great 
extent at the lower pH 1©¥®1®) is Insdnsitif© to fluoride, it 
•ffiaj b© timt the (Siemutation taction i® the point of inhibi­
tion fiu© to fluoride# Sine© utiliisatlon of pjru¥at@ is not 
affected by fluorid® to th® saa® «xt«nt as utilisation of 
lactate^ any pyruvat© fonaed in the diemutation of lactate 
shouM b© metabolised with the formation' of carbon dioxii©,. 
Since carbon fiioacide i® not fomed, it aay b® that pyruvate 
is not fo«»d and that therefor© an Intermediate ®tep in the 
dismutation of lactate is the sensitiir® step. It is tempt-
ing to suggest that fonnation or utlligation of a, ,phosphory-
lated lactete derivative is affected by fluoride so thmt no 
pyruvate ii formed m m result and therefor no carbon 
dioxide is foisied* 
By the sfiae token, if the diamutation of pyruvate is 
operatir^ in the propionic acid bacteria, fluoride may b© 
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the tttilisatloja of pym^at® toy the smm atGhanlsffii, 
It was founa that th# eoacentmt Ion ©f flmorld®,. whlsli ooa-
pletely InMlljlt® foiroation of mwhon dioxide fro® laettfc©, 
<3.e.ci'®ai®i the fomafcion of easptson dioxidt by 50 to gO p@r 
cent with pywivat# as substpafe®# Oonetlvtbly, that portion 
of the rtftetloa which yield® lact&t#, meatate and earbon 
fiioxia® is iiK«ff«etefi by fluorid® brnt ^fclmt paft of th® re-
met ion wlaieli utili«@@ the laotat® so fo»®d is bloektd by 
fluorii®.* 
B.ark©3? and Lipaaan (6) pKsposed a feh#»ttie »p3?®®«nta-
tion of the .system involved in ttm iiAibHaoB of the utiliza­
tion of laotat® by fluoria©.# fli®y repr«s®,nt#d tb® reaetion 
ag follow!8 
According to Ba.rl£®r Lipjuaim {6), lao.tiit# eannot aot a» 
fin o.x;liaat in tli« p»®®ne0 of fliaoi*l«S« ms .it does ia th® 
ftbs«iie® of flttOfid@» CoacelYably the f0»ati0B of eompQuM 
X aay b® inbibitei by flmoride, wh@m&e tb® fomation of pyrm-
vat® fx'om Isotmt© is not* In ©ff®ct, sine® eompound X ean-
not b@ fo3®«d* ti» fomation of proplonat® -oanaot oecur, and 
tbsrefor# laet«t@ oannot. s@rfe as an oxidant# 
Pyruf at© ——• X —• Proploimt© 
Ltctmt# 
1S6 
a better veriion of the reaction aaj he imioated if we 
consider that fowtatioa of coapounfl x fro» laetat© is de­
pendent upon'6 phosphorylation or <3eph6®phorylatiom# plmorifi© 
effects the formation of coapounfl xp th® refluetioii of which 
1® essential to th# dehydrogenatlon of laetat® to form pyru­
vate# • sine® pyruvate is not fom®d, in any slgkifioint 
aaount, m mvhon dioxide is produced# •in othtr woi^s, com­
pound x serves as th® oxidant of & lactate molecul® to ylsld 
pyruvate with th® slmultaneoue fomatlon of propionate .by re­
duction of compounfl x» 
barker and- lipbam (6) ia«»onbtr«t®a th# increased' foma-
tion of propionat® from pyruvate with th® addition of 0.02 
molar fluoride# it wiy b® that th© fommtion of campounts x 
from lteta,t« is inhibited# fhe net effect would be th© block­
ing of th# pathway from pyruvate to lactate to compounid x» 
th® hydrogen nomally donated to th« fonaatlon of lactate 
would th#n b© shuntto th® pathway from pyruvate to compound 
x to propionate* th© latter pathway appitontly i® not 
dependant upon phosphorylation {?)• 
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COICWSIOIS AID SIMIAHT 
Propio.ni'baetei'im ptntoseceiHa, grown la laotat® msdim 
uM#r laloroaerophillc e.oiKJItloiiai, possesses low le^rels of 
aotivlty of smceinlc fiecarboxyles©# fhis organism carries 
out th.® anaerobic dissimilation of lactate resmltlng In the 
fomatlon of propionate, a.c©tate and, carbon dioxide# Th@ 
reaction is represented by th& ©quatlon, 
5 lactate « 2 Froplonat® +1 Ac®tate 4-1 Carbon dloxld© 
+ 1 HgO 
FoOTfitlon of proplonat© in th# usual quantities and propor­
tion® by c@ll® posseislng'low levels of actlflty of succinic 
daearboxylaa© Indlcat®® th© functioning of an ©nssys® system, 
other than aucclnlc dtearboxylasif, In. th© foiraatlon of 
proplonat®* 
Utilization of Iftctat® It cfaameterIstd by a preliminary 
Modification of th® aol®cule b©foif® fowMtlDn of carbon diox­
ide# fh<B moditlmtlon 1® evident from th# lag in formation 
of carbon dioxide# The »odlflcation also In^olv®# shifting 
of hydirog#nj; m by Instantaneous uptake of oxygen 
under aerobic conaitlont# fb® hydrogen atoms so affected 
ar® thos® on th® alpha carbon, sine® pyruYat®•does not show 
an Instantaneous uptake of oxygen under aerobic conditions 
but rather ft lag followed by consumption of oxygen# 
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fh.0 mofilfleation ®f the lactate moleeule 1® not simply 
oxidation to pyrmTst®, sine®. If etch malmulm of lactate 
war® eoiiv#rt®<i to pyruvatethe amount of ©artjon dioxid® 
fofmeij imm mch. should the aam®# fiie amount of oartooa 
dioxid® formed tmm laotsite Is jmet half of that fomed from 
pjrnmt®, ii^ieatlug" tlie foiii©,tloa of a thy®e*eaplson eaapounfl 
which li not decartooxyltte^^ or fowiatloa of a two-eartjon aiid 
a ons-ssarbon ©oapottad (not carbon dioxii®). 
Stiadles lisifig ©®ll-fre© extyaots IMlatt# the presence, 
of 1ftct 1.0 tud ©ueeinlc &&h.ft^TQs@msms whleb fimetlon optimal­
ly at pi 7*4* fh# tnsyaas aire unaffeotefi' dialj-sl® and 
th® .©iieatlel ooiipoiieiits ar« still maaet©mined# Th® «quili-
"briw @xi®tiEg b«tw«#a th© aicarboxjllo aciis Is w©(31at®fl bj 
mnzjmee eQiitaiasd in the extmQt and operatlTO at pH 7#4» 
At pH 7*4f th# following 'inactions havs "beam <3®mo.nsti>mt@fi 
using mll'-frm .txt»Qt»i 
laotftt©+M®thyl@ii® him « l©uco-M®thyl®a« blw® 
lemco*lethyl#a® felm® +F«iiai'®t® • lethyl@u« blue 
&i^ Iiftet.at®+Fi»ar8t® « Pyruvate+ Sueelnat»# 
lo e@ll-fr®® @xti».ots, til© funct loaiag. of &n sj®-
t« responsible tow the dlmatation of'lactate has been d®aon-
strat©il» Th© ©azyme ay®t®m functions optiaially at pH, 5»6 and 
earries dut th« r#aotlon, 
2 Iffietftt®'* 1 Propiomt® 4-1 Pjravat©, 
1S9 
fhe tssdntlal e<5fflpon®ntfi la this tystem still ®r@' imaeflnit© 
although, the netfl for fumamte or iom® en@i^yf©'»i»g system 
Is ittd.ieat«i(d» Dialysis has llttl® on th# 
sjstem Imrolved* 
fhe ilaamtation of laetate, together with « postulated . 
dlsmut&tion of pyi»tt¥ate, is rseponslbl® for th® fottB®,tlon of 
th® prodmets of the msual proploftlc a03.d fsmentetion# 
The o^oomrTOtto© of anQ othfr j»®aetlons ar© depen­
dent tipon th® typ® of atdl«ffl in whleh th® etlls ai*« growa 
th« pH of til® th« ago of the e®lls^ and .othef 
faetors. 
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